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"We embedded more than 5,000 | 
hotosensors in the ice, more than a mile > 





elow the surface" 


_ Associate professor Tyce DeYoung, IceCube Observatory, Antarctica 





Nothing quite prepares you 
for the first time you see 
Saturn through a telescope. 
For me, the skies weren't 
even particularly dark and 
with no computer or app 
to guide us to our target, it 
Kole) @elpfolelmarclimelamsleeimeys 
fumbling with the mount 
and switching back and 
forth from the finderscope, before a bright yellow 
blob swam into view with a distinctive band 
around the middle. Believe it or not, that was an 
exciting moment, but switching up to a higher- 
magnification lens was thrilling. We hadn't been 
lied to - Saturn was a real thing. There it was, 
creeping across our sights with its ring system, 
Cassini division and even a few bright spots ofits 
moons at its fringes. 

This couldn't be mistaken for the high 
definition shot of aspace telescope or orbiter 
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with a team of highly qualified astronomers 
and scientists behind it, we were just a couple 
of amateur stargazers with a budget rig. But that 
slightly fuzzy yet iconic shape of the ‘jewel of the 
Solar System' was ours and it was surprising how 
little effort, time and expense it took to view it. 
We're celebrating Saturn this May as it moves 
in opposition for a prime viewing experience, by 
making it even easier for you to observe with our 
Explorer's Guide on page 28, and our Observer's 
Guide on page 74. There are some stunning shots 
of the ringed planet on those pages, but why not 
have a go and see it for yourself? We guarantee 
you, it's more than worth the little effort it takes. 
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m Solar System tour 
guide Giles invites 
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Take part in the 

All About Space 
reader survey. It's your 
Magazine so why not 
take a minute or two to 
tell us what you think? 


FEATURES 


Amazing Images 


Stunning shots from across space 


How to build a 
galaxy 


Piece by piece, we show you how 
galaxies form and evolve 


Which are the 
biggest craters? 


Expore these other-world impact sites 


Explorer's 
guide to Saturn 


Tour the famous ringed gas giant 


Deep field 
images 


Hubble's famous space photo series 


Space lab 
Antarctica 


Why is this frozen wasteland the site 
of choice for many space experiments? 


Space hotels 


Fancy an extraterrestrial excursion? A 
stay in space is just around the corner 


20 Space myths 
busted yt 


The Sun is burning... plus other 
common space misconceptions 


Watch 
Betelgeuse 
explode 


What will it look like when this red 
giant star explodes? 


Dream Chaser 
spacecraft 


We speak to SNC's Mark Sirangelo 


Twins space 
experiment 


NASA's sibling space science 
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@spaceanswers 
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"A NASA protolyps was designed to 
do exactly what we wanted: to be a 
crew vehicle to the space station.” 


€ 60 Mark Sirangelo, SNC president, 
) Dream Chaser spacecraft 
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STARGAZER 


Top tips and astronomy advice 
for stargazing beginners 


Observer's guide to 
Saturn 


See the jewel of the Solar System in all 
its ringed glory tonight 


Spring galaxy tour 
Explore this season's galactic 
extravaganza in our stargazing special 


What's in the sky? 


What to see and where to look in this 
month's must-see night-sky guide 


Me and m 
telescope 
A spectacular selection of our readers’ 
astrophotography and stargazing stories 


Astronomy kit 
reviews 
A telescope, CCD cameras, App, book, 
binoculars.... and a space launch review 
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Join our 
Reader Panel 
t O day Take our three-minute survey 


at spaceanswers.com/survey 

® and win a place on our panel 
Hello. We love making All About Space 
magazine as much as you love reading it. 


Wer like to make it an even better read 

though and we can't do that without your 

help: we need your input. You can make a 

valuable contribution to All About Space 
just by answering a few questions in our 
quick and easy survey. I'm looking forward 
to seeing what you have to say. 
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Complete our survey to join our 
panel and: 


_ @See new ideas and changes before anyone else 

si selves . © Get invited to attend special events in your area 

elNzeaviesw © Lest third-party products for review 

Have a chance to meet the All About Space team 
Shape future issues of the magazine 


Enter into exclusive competitions 












Step 3 
Eam 
rewards 


Step 2 


Get 
involved 





Take the chance to,get 
closer to the team than 
; ever before 


takes 3 
aallans 
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AL@TOR allo aataares 
above the vortex 


On 31 March, a violent weather system called Maysak 
came tearing across the Pacific and strengthened into 

a super typhoon, achieving category five hurricane 
status. As sustained winds hit nearly 260 kilometres 
(162 miles) per hour, from the calm of the International 
Space Station, hundreds of kilometres above the Earth, 
ESA astronaut Samantha Cristoforetti took this stunning 
photo of the beautiful and deadly storm below. 
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LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 


Return to Earth 


The Expedition 42 spacecraft was captured in 
this image as it passed in front of the Moon on 
its way back to Earth from the International 
Space Station. The three crew members had 
just spent the past 167 days aboard the ISS, 
preparing the space station for commercial 
spacecraft. It landed in Kazakhstan in the 
early morning of 12 March (local time), safely 
returning NASA Commander Barry Wilmore 
and Roscosmos cosmonauts Elena Serova 
and Alexander Samokutyaev. 
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| \ | ¢ = 
~ OWASAS ancestor 
; A century ago on 3 March 2015, the National Advisory 
Committe for Aeronautics (NACA) was formed, a US initiative 
to catch up with advancing European aviation technology. 
This photo of most of NACA's members (which includes 
scientists and military personnel), was taken just over a 
month later. After 43 years advancing militaristic American 
aviation efforts through two world wars, NACA was absorbed 
into the newly formed national space agency, NASA, in 1958. 


Ceres’ sister 
This is Vesta, the second most . | 
massive object in the Asteroid Belt 7 
after the dwarf planet Ceres. It's 
over 500 kilometres (311 miles) 
wide and tips the scales at a 
whopping 260,000 trillion tons. 
NASA's Dawn Spacecraft took 
the image on 24 July 2011, as it 
orbited 5,200 kilometres (3,231 
miles) above the giant space rock. 
Dawn has since completed the first 
part of its mission at Vesta and is 
now in orbit around Ceres. 
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-” * Diamond dust cloud 


Messier 78 lies around 1,400 light years from Earth within 

the famous Orion constellation. It's a reflection nebula, which 
“Means it doesn't receive enough energy from nearby stars 

td ionise the nebula gas and create an emission nebula, but 

* scatters enough radiation to make the dust visible. They are 
usually illuminated blue as shorter wavelengths scatter more 
efficiently than longer red light wavelengths. The particles in 

the cloud contain carbon compounds - or diamond dust. 
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NASA's chief scientist, Ellen Stofan, 
expects that'we will have strong 
evidence of life beyond Earth in as 
little as a decade’s time. Furthermore, 
she thinks we will have astronauts 
onthe surface of Mars, discovering » 
définitive evidence for life on the Red 
‘Planet within a generation. 4 

“Tm going to go out alittle bit ona 
limb here...-I think we'te’going to have 
strong indications of life beyond Earth 
within a deeade and I think we're 
going to have definitive evidence 
within 20 to 30"years. 

“We know where to look, we know 
how to look, in most cases we have 
the technology and we're on the pata 
com ienie)(centconlanelcaiem » 

Stofan is referring.to life in the 
Solar System, on Mars or one of the 
icy moons of the outer Solar System, 
rather than intelligent life on a planet 
around another star. 

“When we talk about trying to find 
life on Mars, or maybe life on Jupiter's 


Astronaut Barry Whilmore | 
the first ever ite 
in space - atest print of part of the 

printer, later used to make tools I~ 


iimoreholdsup id a A 
ade bya aD p rinter — ‘A - - 


or oe! 
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_/ YOUR FIRST CONTACT WITH THE UNIWERSE 


The chances of finding iiteMe)eme)¢s\omaie)s(elsmiel our Solar System and 
beyond are improving thanks to our latest efforts to explore space 


moon Europa or other moons in the 
Solar System suth as Saturn’s moon 
Enceladusywe're not talking about 
little gréen men, we're talking more 
about little microbes,” she adds. 

_ "This'is going torbe life that will be 
EMhind (Mom erclce(carcomanere BieMeltimeynisel 
Solar System. We look for the building 
blocks of life, for organic molecules 
that might tell us that some process 


is going On We look for something _ evidence of life, more work needs 


scientists call/disequilibrium, where™ 
we look for things pet of alice is 
there something til i’Seems to be 
consuming somethifg and givin® 
something else off? 

“But I'm a field geologist and to find 
fossils you're going to need to break 
open rocks, so I have a bias that it is 
going to eventually take humans,on 
the surface of Mars looking for that 
good evidence of life.” 

Stofan outlined how she sees 
NASA's current efforts in space as 
another step on the road to’finding 


— 


























extraterrestrial life, There are obvious Ya 
missions, such as the Mars rovers, BPs f 
ova aatem=>.coyp)evalcicoannveltelemsyee(ecvelel ins wl 

like Kepler and NASA's upcoming 
Transiting Exoplanet Survey Sa 
nicknamed TESS. There i 
James Webb Space scope (JWST), 
due to launch in*2018, which aims to 
study the mospheres of exoplanets. 
But-to get joXexe) 0) cm CoM \V Felacm com lole)ia ce) 








to be done on the ISS to learn about 
how long-duration spaceflights and 
space radiation affects astronauts 
both physically and mentally. This, in 
turn, will teach us more about how a 
manned mission will beraffected on « 
Mars and how to get astronauts tg the 
Red Planet and back safely, hopefully 
with some sort of conclusive evide 
of life in hand. 

“That's why ea dr 
on our journey to S and getting 
astronauts tovt e surface to answer 
the question: are we alone?” @ 


ad 


“We're actually 
able to email 
our hardware 
to space" 


The first 3D printer in space is now 
being used to make tools and parts for 
the crew onboard the space station 


tools and spare parts, but one day 3D 
printers could build entire habitats on 
the Moon, or support long-distance 
journeys to the outer regions of our 
Solar System and beyond. 


Astronauts on the International Space 
Station (ISS) are now able to make the 
equipment that they need thanks to 
the first ever 3D printer built for use 
in space. For now it is just making 
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Stofan believes that 
life exists elsewhere in 
( the Solar System 








= 
¥ 
a 


vd 


/s Fs A 
(i 
| 






__ “I think we're going to 
JnFehY(cuoja ce) erewbateblertaleyats 
of life beyond Earth 
Ai'sldebnekemelaerlelom 


/ . Hd Ellen Stofan, NASA Chief Scientist 


of launching it - it’s kind of cool!” 
3D printing in space is challenging 
because the microgravity (in free- 
fall in orbit around Earth, there is a 
very small amount of gravity, called 
microgravity) may affect how the 
materials that the 3D printer uses to 
manufacturer equipment bond to each 
other. The early results suggest that 
the bonding may be much stronger 
than was expected. 

The spanner took four hours to 
make, after its design was emailed 
to the printer on the International 
Space Station by Made in Space, the 
company that worked with NASA to 
make the 3D printer. @ 


The 3D printer was installed on 
the ISS last November by astronaut 
Barry ‘Butch’ Wilmore and he used it 
to make 21 items, including a spanner. 
The items were then sent back to 
Earth in February onboard a SpaceX 
Dragon capsule. Scientists at NASA's 
Marshall Space Flight Center were 
able to compare them to identical 
items printed on Earth. “We're 
making history," says Marshall's Niki 
Werkheiser, "for the first time ever 
we're able to make what we need, 
when we need it, in space. 

“Even though it may sound a little 
like science fiction, we're actually able 
to email our hardware to space instead 


“The spanner took four hours 
to make, after its design was 
emailed to the printer on the 
International Space Station” 
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Earth-like worlds with double 


sunsets might be commonplace in 
the universe 


Star Wars 
Tatooine 
planets 
may be 
common 


Rocky planets that orbit binary 
stars, giving double sunsets like 
the one Luke Skywalker watched 
on his home planet of Tatooine in 
Star Wars, could be commonplace 
in the galaxy. That's the 
consensus of two scientists, 

Ben Bromley of the University 

of Utah and Scott Kenyon of 

the Smithsonian Astrophysical 
Observatory in America. 

“For over a decade 
astrophysicists believed that 
planets like Earth could not form 
around most binary stars, at least 
not close enough to support life,” 
says Bromley. “The problem is 
that protoplanets need to merge 
gently together to grow. Around 
a single star, protoplanets tend to 
follow circular paths - concentric 
rings that do not cross.” 

Around binary stars, however, 
their orbits get pulled this way 
and that by the stellar pairing 
so the protoplanets crash into 
each other rather than merge 
together gently. However, Kenyon 
and Bromley found that outside 
of a small inner region around 
the binary stars, planets could 
form in circular paths as they do 
around a single star. “Tatooine 
sunsets may be common after 
all," adds Bromley. @ 
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Rosetta's comet 
could split 


A 1km (0.6mi) crack down the 
centre of comet 67P, could grow 
larger as it approaches the Sun, 
leaving the Rosetta mission facing 
a tough decision if the comet 
splits. The Rosetta team will 
continue the mission but must 
decide which segment to track. 


Super-Earths 
were destroyed 
by Jupiter 

Our Solar System may have once 
contained super-Earths - rocky 
planets several-times as massive 
as our planet. Their absence can 
be explained by Jupiter throwing 
them out as it migrated back and 
forth in the early Solar System. 


Telescope 
begins watch 
for dangerous 
asteroids 


A new asteroid detection system 
called ATLAS has begun watch in 
Hawaii. The system is designed to 
search for potentially dangerous 
asteroids by scanning the whole 
sky several times a night. 


Amazon 
founder's 
rocket ready 


Blue Origin, the spaceflight 
company founded by Amazon's 
Jeff Bezos, will launch test flights 
of its spaceship later this year. The 
spacecraft will launch on a Blue 
Origin BE-3 rocket with a three- 
person capsule for flights reaching 
100km (62mi) high. 









A camera onboard the Mars 
Reconnaissance Orbiter shows a 
thick layer of dust covering the 
glaciers, which have been probed 
by radars to reveal frozen water 










Rising magnetic belts are responsible 
for the Sun’s biggest solar flares 


Cause of 
deadliest 
solar flares 
uncovered 


Magnetic bands that rise up 
from the centre of the Sun are 
responsible for the most devastating 
solar storms to impact the Earth, 
endangering satellites, power, 
communication networks and 
threatening the health of astronauts. 
The strength of the belts of 
magnetism wax and wane over a 
two-year-cycle as they surge upward 
to break through at the Sun's 
surface where they can destabilise 
the Sun's outer atmosphere. When 
they are at their peak, solar flares 
and coronal mass ejections (CMEs) 
appear stronger. 


_ Evidence that liquid watercbuld exist 
just beneath the surface of Mars has 
been uncovered, signifying a vital 
discovery in the search for potentially 
/nkel)ie-1e)(omee)slenialey etsy 

NASA's Curiosity rover has 
discovered a chemical called calcium 
oXerce@lalloyeclccmbamdelcm\Velaarlemcele 
originally detected by NASA's Phoenix 
probe in 2008. When mixed with 
water it lowers its freezing point and 
could aid in the creation of liquid 
water in the form of a salty brine 
underneath the surface. 


pe chlorate is vel 
eI _abrine oon a Vi 
vapour frorr rhe 
Morten Bo Madse 
Group at the Niels Bohr 1 
at the University of Co 
in Denmark. “Our mesa 


=e Sta collected by NASA's 
satellite has revealed how mitch water 
VEN glaciers contain. “We have 
: ae a eteinated that the ice in the glaciers 
oa has a volume of about 150 billion 
_ cubic metres [5.3 trillion cubic feet]. 
That could cover the entire surface of 
Mars with 1.1 metres [3.6 feet] of ice,” 
says Nanna Bje@rnholt Karlsson, also of 
the Niels Bohr Institute. @ 


monitoring station show that these 
conditions exist at night and just’ 
after sunrise in winter. When night 
falls, some of the water vapour in 
the atmosphere condenses on the 
planet's surface as frost, but calcium. 


Black holes could 
leak information 
about what's inside 






Associate Professor at the University of 
Buffalo, New York, USA. 

In the 1970s Hawking developed 
the theory of Hawking radiation, 
which said that particles could escape 
from inside a black hole, causing the 
black hole to shrink and eventually 
evaporate. But Hawking said that the 





“What we're looking at here is 
a massive driver of solar storms. 
These surges, or 'whomps' are 
responsible for over 95 per cent 
of the large flares and CMEs - the 
ones that are really devastating,” 
said Scott McIntosh of the National 
Center for Atmospheric Research. 

“By better understanding how 
these activity bands form in the 
Sun and cause seasonal instabilities, 
there's the potential to greatly 
improve forecasts of space weather 
events,” he added. 

Solar storms ignite when a mass 
of magnetic energy is released on 
the Sun, in the form of a solar flare 
or a CME that spews a huge cloud 
of charged gas and radiation into 
space. A CME can cross the distance 
between Earth and the Sun in just a 
few days, so by knowing the times 
when there is the most danger we 
can better protect the Earth from 
their harmful effects. @ 
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Stephen Hawking once famously 
claimed that information was lost 
forever once it fell into the depths of 
a black hole, but now a new theory 
has arisen, which suggests that 
information can be conserved and 


Black holes might | 
hokdfonto information * # ; 
after all. 


does remain after all - by particles 
leaving a black hole. 

“According to our work, information 
isn't lost once it enters a black hole 
and it doesn't just disappear like 
we thought" said Dejan Stojkovic, 





particles carry no information and, 
once the black hole evaporates, the 
information would be lost forever. 
This includes the characteristics of 
the object that created the black hole 
in the first place and things that had 
fallen into it ever since. 

In 2004 Hawking changed 
his mind, but scientists did not 
understand how information could be 
saved. The new theory by Stojkovic, 
says that interactions between 
particles helps tie them together. @ 








Hawking once said that information is 
lost forever when it falls into a black hole 
but has admitted that he was wrong 
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Celebrating 25 years since tts launch, 
eight stamps feature spectacular images 
from the Hubble Space Telescope. Available 


The Miniature Sheet features the Hubble now 
in tts final release over Earth. 
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How to build a 







The making of these billion-star structures 
has been puzzling astronomers for decades. 
All About:Space puts together the pieces: . 
for building-a galaxy” 3 


Written by Gemma Lavender 


The universe is packed with galaxies. Everywhere 
we look and at almost every point in history we . . + 
see galaxies crammed into the cosmos, grouped in : a 7 . s. ‘ 
clusters and great sheets that criss-cross through Z 
Space-time. The most distant galaxies ever seen have 
been identified by the Hubble Space Telescope as . 
being 13.2 billion light years away. Yet these are not . 
even the most distant galactic structures out there. ‘ - 
It's the first galaxies that hold the record for being 
the furthest away from us. However, we're yet to see 
them. To do so we will need the infrared prowess of 
the James Webb Space Telescope JWST), which will - ° 
be able to see galaxies as they are forming just 300 or . 
400 million years after the Big Bang - the event that 
threw the cosmos into existence. 

Understanding how galaxies form is a bit like 
trying to put a jigsaw together. Think of each galaxy 
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How to build a galaxy 


as being a piece of that puzzle. Because galaxies are 
so old and evolve so slowly, when we see a galaxy 

in the night sky we are just seeing a single snapshot 
of their long lives. However, the galaxies are all at 
different stages of their evolution, so if we can put all 
these snapshots together, like the pieces of a puzzle, 
we can build an overall picture of how galaxies like 
our own Milky Way grew into the star, dust, gas and 
dark matter packed structures we see today. 

We've actually only known that there are galaxies 
in the universe beyond our own Milky Way for less 
than a hundred years. Before that time astronomers 
thought that the weird objects they dubbed ‘spiral 
nebulae’ were actually part of our galaxy. Their 
telescopes were not powerful enough to resolve 
individual stars in these objects, although when 
astronomers looked at the light coming from them, 
they had all of the evidence they needed to confirm 
that these blobs in the night sky were made up of 
many stars. In 1912, American astronomer Vesto 
Slipher found that the very light being thrown out 
by the spirals was Doppler shifted toward redder 
wavelengths, meaning the spiral nebulae are moving 
away from us and take on a red tint. 

Doppler shift is the compression or stretching 
of light waves as an object moves toward or away 
from us. You might not have realised it, but you 
have experienced a Doppler shift before since it also 
happens with sound waves. When a police car or 
ambulance has raced past you with its siren blaring, 
the pitch of the sound it makes changes depending 
on its distance. At first it is higher and then becomes 


* 


The filaments that 
make up the large- 
scale structure of the 3 
universe can be broken § 
down into clusters and 
superclusters of the 
various galaxies 


“He built his diagram so that its handle 
is made up of elliptical galaxies... which 
formed the prongs of his tuning fork" 


lower as it moves away since the sound waves 
become compressed and then stretched. 

In 1925, Edwin Hubble announced he had 
discovered that the spiral nebulae were all galaxies, 
or island universes far beyond our own. He achieved 
this thanks to the biggest telescope in the world at 
the time, the 2.5-metre (8.2-foot) mirrored Hooker 
Telescope at Mount Wilson in California. Hubble was 
able to resolve individual stars, including a specific 
type called a Cepheid Variable. This type of star 
throws out light, which varies according to its true 
brightness and from this observation astronomers 
can work out their distance. It was the Cepheids 
found in our neighbouring galaxy of Andromeda that 
allowed astronomers to measure the distance to our 
closest spiral as 2.5 million light years away. Coupled 
with Vesto Slipher's discovery that the galaxies are all 
moving away from us, scientists quickly realised that 
once upon a time they must have been much closer 
together than previously anticipated. 

Hubble's next step was to classify all 
of the galaxies in an effort 
to understand them as 
much as he could. 
It was from 









this that he created his famous tuning fork diagram. 
He built his diagram so that its handle is made up 

of elliptical galaxies, which are galactic structures 
with ovoid shapes. Hubble referred to these as early- 
type galaxies because he believed that all galaxies 
began their lives as ellipticals before evolving into 
one of two types of spiral galaxy, which formed the 
prongs of his tuning fork. One type are the regular 
grand design galaxies with their graceful spiral arms 
curving away from a small central bulge, while the 
second type are the barred spirals, whose spiral 
arms are connected with a long, straight bar running 
through their glowing centres. In fact, today it’s 
believed that our very own galaxy has a bar running 
through its centre. 

Hubble thought that the elliptical galaxies were 
the bulges of spiral galaxies but without the arms, 
which he assumed grew later. However, astronomers 
changed their minds about this after studying 
galaxies in more detail throughout the 20th century. 
They found that elliptical galaxies form when two 
or more spiral galaxies collide and merge. It 
=, is the spiral galaxies that are really the 

~ early ories. 
So how do the spirals 
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The stars in galaxies 
are made from the 
collapse of clouds of 
gas and dust under 
their own gravity 








form? The main ingredients are gas (predominantly 
hydrogen) and that mysterious substance called dark 
matter. Nobody knows what dark matter is, but we 
know it comes in the shape of giant blobs scattered 
throughout the universe. Some of these dark matter 
blobs are large enough to hold clusters of thousands 
of galaxies. The dark matter came first, forming these 
blobs, or haloes, very soon after the Big Bang. The 
gravity of these haloes began to attract hydrogen 
gas toward them, which began to flow like rivers 
along gravitational inclines created by the influence 
of dark matter into the cores of the blobs. There the 
hydrogen formed enormous spinning clouds and the 
hydrogen and dark matter formed the embryo of a 
galaxy. Think of the white and the yolk of an egg as 
the dark matter with the hydrogen at the core. 
Because the dark matter and hydrogen mixture 
Was spinning so fast, it flattened into a pancake 
shape, taking on the characteristics of a spiral 
galaxy’s flat disc. Meanwhile, small pockets of 
hydrogen gas in the cloud collapsed to form the 
very first stars. These stars were gigantic, hundreds 
of times more massive than our relatively puny 
Sun and they exploded very quickly as powerful 
supernovae. Stars are able to create elements in their 
cores, while the violence of exploding stars, known 
as supernovae, can form even more new elements. 
When the first stars detonated, they spilled their rT ° 
guts into the baby galaxy around them, enriching The blac k hole lhl the cent Te of the 
it with these heavy elements. Over time, enough of 


these elements would build up to form asteroids, Milky Way galaxy iS four million-times 


moons and planets. When we look at galaxies today, 


including our own Milky Way, we see vast lanes of INOTe TYldS SIVE than the Sun’ 
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It's thought that 

galaxies are made from the 
collapse of protogalactic clouds 
of dense hydrogen and helium 
gas in the early universe 




















How to build a galaxy 


rerievarte evolution 


How thet different sizes can affect ney galaxies form 


The making of stars @ 
e ; . Under gravity the cloud will 
Small galaxies ' collapse because there's not 
" enough pressure from the gas 
itself to fight against this force 
pressing it down. Baby stars 


are made in the fight between 
gravity and pressure. 








* 
© A lonely cloud of gas 
In order for, what astronomers 
call a ‘small galaxy’ to be made, 
a relatively large and isolated . 
gas cloud is needed. 


Large galaxies 


© Ateam of gas clouds 
Small clouds of gas 
collapse early on.to form 
the galaxy’s very first stars. 


® Gaseous ‘add-ons 
There isn't much spinning going 
on during the making of a large 
galaxy. Instead, the merging 
of nearby gas clouds stop any 
chances of a disc-like structure 
from forming. 





= 


A party of stars © 
These gas clouds with 
their newly formed stars 
. clump together to make a 
| larger cloud with a party 
of stellar populations. 
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Forming adisc * 

The matter spins quickly, 
causing a flattened disc-like 
structure. At the centreyis a 
bulge, where the older first- 
generation stars can be found. 
The rest of the disc is teeming 
with younger stars. 


‘A galaxy with arms 
Internal processes make 
the arms and bars found in 
spiral galaxies. However, 

mee) alelidte)alcw-le-Manle)a= 
favourable, a lenticular 
galaxy - an intermediate 
between an elliptical anda 
Spiral - is made instead. 


A gigantic galaxy 
Since most of the gas needed 
to make a new generation of 
baby stars was mopped up, no 
more can be made. What's left 
is a gigantic elliptical galaxy 

* that's dominated by old stars. 


How to build a galaxy 


black dust. This dust is comprised of elements made 
inside the nuclear furnaces of stars, dating back to 
the first stars that existed about 13.5 billion years ago. 

Today we find that the oldest parts of spiral 
galaxies are their bulges. In these central regions 
most of the gas has been used up and the stars 
that exist there are crammed together and more 
red than the combined light of the stars in the 
Spiral arms, which are dominated by hot, young 
stars. The exception is in the few tens of light years 
immediately around the supermassive black hole that 
lies in the middle of every large galaxy, where the gas 
is dense enough to keep forming new Star clusters 
made of massive stars. 

The black holes in the centres of galaxies are 
enormous. The black hole in the centre of the Milky 
Way galaxy is four million-times more massive than 
the Sun. In other galaxies, black holes can be tens or 
even hundreds of millions of times more massive. 
The biggest galaxies of all, the giant ellipticals found 
in the centres of galaxy clusters, have central black 
holes with masses up to a billion-times that of the 
Sun, as is the case with the galaxy M87 in the heart 
of the Virgo galaxy cluster. 

Everyone knows that black holes like to consume 
matter, that's how they grow so big. But black holes 
can't eat everything that is served their way and 
sometimes they spit out their food. What happens is 
that as gas flows toward a black hole, it whirls around 
into a disc of material spiralling into the it. However, 
the gas brings magnetic fields with it that become 
wrapped up around the black hole by the swirling 
gas. Eventually the magnetic fields become so strong 
that they can actually begin to funnel away charged 
particles, atoms, protons, electrons and ions into jets 
that are so energised they race away from the black 
hole at almost the speed of light. We can even see 
one of the jets coming from the black hole in M87. 

The level of black hole activity can depend on 
many factors, such as the mass of the black hole 
and the amount of gas falling into it. Our Milky 
Way's supermassive black hole, for instance, is very 
quiet with hardly any gas falling into it. Other spiral 
galaxies have more activity in their centres, with 
some emitting strong radio waves. However, the most 
active black holes are called quasars. The closest to us 
is 2.4 billion light years away, but the majority existed 
in the universe over 10 billion years ago. 

Quasars are fed by gas in two different ways: one 
is simply clouds of intergalactic gas falling onto a 
black hole in the centre of a galaxy. These clouds 
are clumps of gas and dark matter left over from the 
process of building galaxies over 13 billion years ago. 
The other way that quasars light up is more exciting, 
when two galaxies come hurtling toward each other 
and collide, it causes huge clouds of interstellar gas 
and stars to fall into the black hole. 

Sometimes the collision is a hit and run. The 
gravitational forces of each galaxy tear stars and gas 
out into long streamers that astronomers call tidal 
streams. These streams can sometimes be many 
hundreds of thousands of light years long. 

When galaxies collide it changes the future of 
the structures involved. Going back in time by 13 
billion years, Hubble is able to see the first galaxies 
growing by consuming smaller galaxies. This galactic 
cannibalism continues even today, although at a 
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Lighthouse of the cosmos 


Quasars blaze radiation that can be seen from the other side of space 





The ‘calm’ black hole 

If a black hole is calmly sitting 
at the centre of its galaxy, it 
generally distorts the fabric of 
the universe around it. It leaves 
a dent in this sheet of space- 
time from which nothing - not 
even light - can escape. 


~~ s Heating up Fen, 
A swirling disc of When the material falls od ng ng 
dust and gas into the black hole j 
An accretion disc made of and reaches the event i et 
gas and dust circles the horizon - the point —_ ee 
lo) Ye cq are)(- Ma Lm tat=eo)F-(a of no return - a lot ——— 
hole isn't particularly of friction is created, . 
active, then the matter superheating atoms 
won't fall into it. and tearing them apart. 


Galactic arithmetic 


The basic space formula for creating galaxies 


_ much slower rate. Even the Milky Way is eating 
_ smaller galaxies at this very moment but they are 
» not going near our black hole, so the centre of our 
galaxy is not active. For example, the Canis Major 
_ dwarf galaxy is only 25,000 light years from Earth 
and is merging with our galaxy. It contains few stars 
| because the gravity of the Milky Way has stripped 
most of them away. 
Astronomers call such collisions minor mergers 
and the end result is that the smaller galaxy is 


Spiral galaxy 
Spiral galaxy 


Spiral galaxy 


Dwarf galaxy 


Elliptical 
Galaxy 


Enhanced 
spiral galaxy 


swallowed up, increasing the mass of the larger 
galaxy. At the other end of the scale are the major 
mergers, between two large galaxies of around the 
same size. When two spiral galaxies collide like this, 
it destroys their spiral structures and they merge 
into a giant elliptical galaxy - the opposite of what 


| Hubble's tuning fork suggests. Amazingly, during a 


galaxy collision no stars actually collide, because the 
space between the stars is so large that the chances 
of two stars coming within each other's gravitational 


» sphere of influence is very small. That means that 


/when our Milky Way galaxy undergoes the next 
phase of its growth and merges with the Andromeda 


| galaxy in 4 or 5 billion years, our Sun will not collide 


with another star from Andromeda. What will collide 
will be the huge clouds of interstellar gas that inhabit 
the spiral arms of both galaxies, igniting in a huge 


www.spaceanswers.com 





How to build a galaxy 


SS 
An active galaxy | 


Combine the intense magnetic 
field of the supermassive black 
hole with the ripping of atoms 
and super high temperatures 
and you get a extremely active 
galaxy. Electrons torn from the 
atoms find themselves gathered 




















by the magnetic field. 
» Galactic jets 

OM hateeeeiems) le @ale)(= mUTala=) CM tale\e (2M Vm tateMe)E-lec@are)(= 
When a black hole begins twisting the space-time fabric 
spinning into motion, it drags suck up particles, which are 
the fabric of space-time, or accelerated by electric currents, 
the universe, with it. This before being blasted out into 
sheet gets twisted up inside space as focused beams of 
the black hole. charged particles and radiation. 


burst of star formation. We call this a starburst and “When CWO Spiral . galaxies collide. it 


they can use up all the gas in a galaxy. This is why 


most elliptical galaxies, which form from mergers, destroys their Spiral Structures and they 


have no star forming gas left and haven't made any . ° : . " 
new stars in a very long time. All their short-lived, Merge into d lant elliptic al 
young stars exploded long ago, leaving ellipticals 
dusty and red with older, cool stars. 
No galaxies are being made today. All that galactic 
construction happened over 13 billion years ago and 
ever since it has been a case of galactic evolution 
rather than galactic formation. There are still some 
crucial pieces of the jigsaw missing, such as whether 
supermassive black holes formed before the galaxies 
that exist around them or vice versa, why the disc 
turns into spiral arms and why these arms do not 
wind up as they rotate around the centre of the 
galaxy. Some scientists think that the spiral arms | Galaxies can merge 
are not actually rigid appendages, but density waves 3 — to form unusual 
where stars and gas are bunching up. This is a bit | shapes just like Arp 
like a traffic jam on a motorway and as soon as some _ o 142, which looks 
stars hit the brakes and slow down all the other stars > ' | like a penguin 
and gas clouds bunch up behind them. | guarding an egg 
Although some of the pieces are missing, the . , 
jigsaw of how galaxies are made, grow and evolve 
is becoming clearer. We might not be able to see 
everything, but we can see enough to understand 
when and where galaxies came from. @ 


© Alamy; ESA; NASA; Sayo Studio; Tobias Roestch 


www.spaceanswers.com 





Which are the biggest craters? 


Which dare the y | “4 as 
biggest craters? 


Earth's largest known craters can be a few 
hundred kilometres wide, but other worlds in 
our solar system have suffered even bigger 











impacts from space 


Our Solar System can be a dangerous place - planets, 
moons, asteroids and comets move through space 

at speeds of tens of kilometres per second and 
where the orbits of smaller bodies meet those of 
larger worlds, collisions are inevitable. Today, they're 
happily few and far between as most material 

in planet-crossing orbits has either been soaked 

up or shunted onto safer paths during near-miss 
encounters. But solid worlds across the Solar System 
are scarred with countless craters formed by impacts 
from space. 

At present, the largest confirmed crater in the Solar 
System is the one that lies beneath Utopia Planitia, a 
huge plain in the northern hemisphere of Mars. With 
a diameter of some 3,300 kilometres (2,050 miles), 
this huge and shallow basin must have been created 
by the impact of an object tens, if not hundreds of 
kilometres wide and would have had a devastating 
effect on Mars at the time. However, the Utopia 
impact happened roughly 4 billion years ago and 
later geological activity has done a lot to hide its true 
nature. The basin was only confirmed in 2001 using 
Satellite maps of Martian topography. Far more easily 
identified as an impact basin is Hellas Planitia, an 


oval depression in the planet's southern hemisphere, | 


some 2,300 kilometres (1,429 miles) across. 

What's more, these same maps revealed that a 
vast swathe of the northern hemisphere of Mars, 
around 10,600 kilometres (6,587 miles) across at 
its widest, is notably depressed and flat compared | 
to the rest of the planet. Some geologists have 


suggested that the entire North Polar Basinis also |= 


an impact structure, one that, if confirmed, would 
dwarf anything else in the Solar System. 

Impact craters in the outer Solar System tend 
to be significantly smaller, with the largest only a 
few hundred kilometres across. This may be partly 
because the impacts that bombarded the larger 
asteroids and moons were genuinely less powerful, 
but it is also for the simple reason that smaller 
objects can only withstand lesser impacts without 
shattering apart completely. The asteroid Vesta, for 
example, is misshapen by the vast Rheasilvia crater, 
whose diameter of 505 kilometres (314 miles) is a full 
90 per cent of Vesta’s ideal spherical size. Several of 
Saturn's icy moons display craters with 30-40 per 
cent of their diameter, whose creation must have 
come close to breaking them up. Who knows what 
worlds may have been lost in such disasters? @ 
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Icm = 200km 


Turgis 
The largest impact 
crater in the outer 


Solar System lies on 


Saturn's icy moon 
lapetus. At 580km 
(360mi) across, 

its diameter is 40 
per cent of lapetus 
itself, but its profile 
has slumped as the 
moon's crust has 
rebounded. 


Scale 


—_—_— 

















®) Utopia Planitia 

The largest confirmed impact basin 

on Mars creates a huge bay on 

the edge of the southern highland 
Be ACaellabelneneenieliacmear-melacelaeasics 

of NASA's Viking 2 mission. 
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() Mare Imbrium : : 
With a diameter of 1,145km (711mi), the Which are the biggest craters? 
Imbrium basin is the second largest lunar 
impact crater and the only one to have been 
precisely dated. Rock samples suggest it 
formed nearly 4 billion years ago. 










Rembrandt 
This sharply defined basin is the 
second largest on Mercury with 
a diameter of 715km (444mi), 
it's roughly 3.9 billion years old 
and was discovered by NASA's 
MESSENGER probe during a 
2008 flyby. 












a N 3 Colon 's soigecr crater is 1,550km * 
es wide. Shockwaves from its ho 
formation spread either side of the , 
planet, creating’a jumble of chaotic 

terrain where they met up again on 

the far side of Mercury. 





















Aitken basin 
This vast crater on the 
lunar far side extends 
down to our satellite's 
south pole. Despite its 
size, it has never been 
flooded with volcanic lava, 
So it retains its original 


depth of about 13km (8mi)._ = for Procellarum basin * 
' — With a diameter of 3,000km 

(1'864mi), this enormous ~ 
suspected basin is filled by the ~ 
Oceanus Procellarum, a lunar © 
ocean'that dominates the Ue = ; 5 
Moon's Western hemisphere _ ys a . ’ Rheasilvia - 
as seen from Earth. saw * . 





This enormous dent in the south 
pole of Vesta changes the shape of 
the entire asteroid. Rheasilvia is the 
largest impact crater relative to its 
parent in the entire Solar System. 


© NASA; ESA 
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Explerer's Guide 





Saturn.is known. as the jewel of the night sky, but there's far more to 
this spectacular gas giant than just its enormous ring system 
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Explorer's Guide 
EE 


Saturn is the sixth planet from the Sun, the most 
distant one visible to the naked eye from Earth. It is 
also the most beguilingly beautiful, thanks largely 
to a series of brilliant rings that encircle the planet 
above its equator. The prominent inner part of this 
ring system covers more than twice Saturn’s own 
diameter of 120,600 kilometres (74,937 miles), but 
is just a kilometre (0.6 miles) thick at most, creating 
a razor-thin disc around the planet. Meanwhile, 
tenuous outer rings extend even further across 
Saturn's system of 62 known satellites. 

Saturn itself is a gas giant, similar to its even 
larger inner-neighbour Jupiter. Its composition 

™ is dominated by hydrogen and helium, with a 

~Sa.gaseous atmosphere transforming into a liquid 

manitlesat high pressures about 1,000 kilometres 
(621 miles) béfeath the visible surface. This breaks 
down into a sea of ele¢trically-conductive, liquid- 
metallic hydrogen that stretcheS*all,the way down 
to a central rocky core. Externally, howeverthe 
two planets look strikingly different. Saturn has | 
a prominent bulge around its equator and, while i. 
Jupiter has colourful cloud bands of red, brown, 
cream and even blue, Saturn’s cloudscape is painted 
entirely in tones of muted cream. 

Both of these differences are due to Saturn's 
relatively low mass (less than a third of Jupiter's). 
The resulting weak gravity allows Saturn's layers 
to billow outwards, so the planet's average density 
is less than that of water. The atmosphere around 
the equator is moving so fast that it attempts to 
escape into space and it's also much colder than 
Jupiter's. This allows ammonia crystals in the upper 
atmosphere to form a haze that covers the entire 
planet at a high altitude, which tones down the 
contrast of the cloud layers beneath it. 


How to get there 


® 2. Toward the Sun 
x Curiously, the journey to Saturn would | wa Me) ated voyage 


start by going in the opposite direction, Crossing the gulf of space 
falling toward Venus for one or more between the orbits of 


’ slingshot manoeuvres that would allow it Jupiter and Saturn would = 
to pick up speed and change direction. take at least as long as the 
rest of the trip combined. 


The Cassini mission took 
three and a half years to 








83. Jupiter flyby make this cruise. 
The launch window would . 
be timed to allow a close e >, Arrival 
encounter with Jupiter. The spacecrafiimaiill fu 
giant planet's gravity could t ket ensinaenee 
1. Earth departure provide an enormous boost mages 
A manned mission to to the spacecraft's speed. face along its TIBI 


slowing its speed and 
allowing Saturn's gravity to 
capture it into orbit. 


Saturn would involve 

a large spaceship 
assembled in orbit around 
Earth, using multiple 
rocket launches from the 
surface and might even 

_ require a highly efficient 

-. nuclear-powered rocket. 
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How big is Saturn? 


Saturn's equatorial diameter is equivalent to 9.45 Earths, but its 


| polar diameter is just 8.6-times that of our own planet 


120,536 km —- 
(74,898 mi) wide _ — 


How far is Saturn? 


At its closest to Earth, when both planets are on the same side of 
the Sun and Saturn is on the inner edge of its orbit, the distance 
from Earth to Saturn is still 1.21bn km (75O0mn mi). The equivalent 
= of a basketball and a marble over 2km (1.55mi) apart. 


>a Saturn Earth 
. | ‘ + 2.5km > 0 
\ (1.55mi) apart 





Explorer's Guide 








With no solid surface to land on, any visit to Saturn 
would be limited to its upper atmosphere and the 
space around it, but there would still be plenty to see. 
Enhanced images show that Saturn's cloud bands are 
almost as complex as those of Jupiter. Dark and light 
cloud tops at different altitudes mark the top of its 
belts and zones, within which winds blow in opposite 
directions around the planet at speeds of up to 500 
metres (1,640 feet) per second, about five-times 
faster than the strongest hurricane winds on Earth. 
Saturn's belts and zones are broader and fewer in 
number than those found on Jupiter, probably due to 
the planet's cooler interior and less dense structure. 
At higher latitudes, these neat structures break down 
and Saturn's atmosphere becomes more chaotic. 


Great White Spot 
Bright storms erupt in the northern hemisphere at 

least once every 29.5-year Saturnian orbit. The 2011 
storm was particularly impressive. 


Storm Alley 
This region of Saturn's southern 
hemisphere gives rise to 
frequent thunderstorms, such 
as the Dragon Storm (revealed 
here in this false-colour Ja 
infrared image that highlights 
temperature variations) / 
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Top sights to see on Saturn 


Saturn's north pole is marked by a striking 
hexagonal structure of dark clouds, 13,800 kilometres 
(8,575 miles) along each side, with a whirlpool- 
like vortex embedded within it. The south pole, 
puzzlingly, has a similar vortex but no hexagon. One 
possible explanation is that the hexagon is created by 
a sharp boundary between faster and slower-moving 
regions of Saturn’s atmosphere. In fact, the hexagon 
seems to rotate exactly in time with the planet's 
(aleX=jo ninayace)ar-bace mele m\anelelsmp)(o)i\mimshame)a(cmenncccaaloynl 
or another. 

Saturn's atmosphere lacks a semi-permanent 
storm on the scale of Jupiter's Great Red Spot, but 
certain regions of the planet are prone to generating 
storms on a regular, or at least predictable, basis. A 


PANU Ke) r=) 

Saturn's magnetic field sweeps up particles from the 
solar wind and draws them into the atmosphere near 
the planet's poles, creating beautiful auroras. 
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southern hemisphere band called Storm Alley gives 
rise to spectacular electrical storms deep within the 
atmosphere, including one particularly impressive 
example called the Dragon Storm, seen by the Cassini 
probe during its arrival at Saturn in 2004. An even 
more impressive feature, the Great White Spot, erupts 
in the northern hemisphere roughly every 30 years, 
alternating between high and low latitudes and 
usually develops around the time of the summer 
solstice, when Saturn’s northern hemisphere receives 
the most heat from the Sun. 

Finally, no visit to Saturn would be complete 
without a trip across the planet's equator, where the 
broad plane of the rings narrows to a line cutting 
across the sky. 


ele] mal=y Cisxe)g 

Saturn's huge polar hexagon is wider than two Earths 
and surrounds a turbulent region, containing many 
smaller storm clouds around a central vortex. 





Saturn 
aa 


Saturn's ruyqnyis Summer 1995 Fall 1995 


Saturn's distance from the Sun ranges 
between 1.35 and 1.51 billion kilometres 
(839 and 938 million miles). Its average 
distance from the Sun, therefore, is 
1.43 billion kilometres (889 million 
miles), that’s roughly 9.6-times the 
average Earth-Sun distance. Saturn 
takes 29.4 years to complete one orbit 
and because its polar axis is tilted at 
an angle, we see different parts of the 
planet and varying amounts of the 
rings at different points in this cycle. 
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ay: CHP 


Saturn's average density - two-thirds that of water 


S 


Saturn's speed along its orbit, 
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The tilt of Saturn's axis relative to its 
orbit - just slightly greater than Earth's 
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less than one-third of Earth's 
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other radiation Oct E 
Saturn's surface temperature at a Saturn reflects =a e 
pressure of one Earth atmosphere back into space = ins 
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24‘millionth of + — _*10,000 galaxies are 
the sky ° | - © found in it : 


Arrastonishing number of galaxies can be dOunted 
: ‘ in the tiny portion of space that the Hubble 
. ry , Ultra Deep Field (HUDF) covers. It has helped 
: cosmologists prove that, on a large enough scale, 
forces in space act the same wherever we look. 


_ Despite the enormous number of celestial abiecs@ - 
found within the Hubble Deep Field (HDF), the 
actual area of sky as viewed from Earth is tiny, . 
covering around 2.5 arc-minutes, or the equivalent ° 
of a tennis ball viewed from 100 metres (328 feet). e 
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It's the furthest | XDF took ten years It'sa snapshot of 
we've.e ever seén to complete’ ancient space 


The Hubble Deep Field images represent the Hubble's eXtreme Deep Field (XDF) took an The Hubble eXtreme Deep Field, an even more 
furthest we've ever seen into space, nearly to the exposure time of two million seconds, or 23 days sensitive optical image than the original HDF, 

time of the Big Bang. Yet it will be out-done by the and was released in 2012 after a decade of compiling shows galaxies over 13 billion light years away. In 
James Webb Space Telescope when it launches in the images together into one shot. It added a further other words, it’s a snapshot of the universe just 500 
2018 to study the sky in infrared. 5,500 galaxies to the number already found. million years after the Big Bang. 


ROMAIN 
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| Why study Astronomy? 
| How does Astronomy affect our everyday life? 





e The Sun provides our energy to live and is used for timekeeping. 
e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday 

e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 

Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 

| available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
| qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
| enrolment information. 


@ 0161653 9092 www.planeteartheducation.co.uk 
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Antarctica may be at the bottom of the world, but 
as the coldest, driest and highest continent on 
Earth, it’s proving ideal for observing the universe 


Written by Paul F Cockburn 


‘Wrap up warm’ has long been a mantra among 
astronomers everywhere, given that so much 
observation of the cosmos has to take place out 

in the open and at night! However, if you've ever 
grumbled about surviving a few hours outside during 
even a cold British winter night, just remember it 
could be worse - you could be in Antarctica, or even 
at the South Pole. 

“I still remember the first time I flew down there,” 
says Kael Hanson, Director of the Wisconsin IceCube 
Particle Astrophysics Center at the University of 
Wisconsin-Madison. “It was early November, which 
was just when the station opens for most people 
and it was about -45 degrees Celsius (-49 degrees 
Fahrenheit). It was quite a shock just to get off the 
aeroplane and be out in that cold. 

"It’s blinding bright too, unbelievably bright, 
because you have all this snow and everything is 
reflecting in your face. It's also at altitude. The first 
couple of days you find yourself catching your breath, 
sometimes you wake up sort of gasping for air, just 
because of the altitude. It's an incredibly extreme 
environment to live in.” 

Extreme it might be, but that’s actually what 
makes Antarctica and the South Pole such an ideal 
spot for setting up your telescope. According to 
theoretical physicist Francis Halzen, also of the 
University of Wisconsin-Madison, the South Pole now 


ranks with the grand research laboratories such as 
Fermilab and CERN. 

Astronomers ideally want somewhere cold, dark, 
remote and dry. Antarctica and the South Pole in 
particular, fit the bill very well, which is why some 
of the world's leading telescopes are now located less 
than a mile from the South Pole. Indeed, if you're 
interested in millimetre-wavelength observations (for 
viewing far distant space objects) that are generally 
absorbed by atmospheric moisture, then the only 
place arguably better than Antarctica for your 
telescope is in space, which, of course, is a tad more 
inconvenient to reach. The South Pole is therefore 
an ideal location for astronomers, as the growing 
number of observational platforms established in the 
last few decades clearly shows. 

It helps that, while the land at the South Pole is 
estimated to be around 100 metres (328 feet) above 
sea level, the ice sheet on top of it adds a further 
2,/00 meters (9,000 feet). Given that the air we 
breathe is enough of a distorting barrier to interfere 
with many astronomical observations, (it’s why we 
see the stars twinkle, after all - see ‘20 Space Myths’ 
on page 46) telescopes located near the South Pole 
have significantly less atmosphere to look through. 
The air is also very cold and dry, reducing the 
atmospheric emission of infrared light, which can 
interfere with observations. Plus, during the 
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PNiie legate! VAS Europa 


How this frozen continent compares to the icy crust of Jupiter's moon 


Frozen surface 

The ice covering Lake Vostok is 
measured around 4km (2.5mi) 
thick, that compares with 
estimates of up to 30km (19mi) 
protecting Europa’s oceans. 


Water world 

Lake Vostok remains liquid at -3°C 
(27°F) thanks to geothermal heat and 
high pressure. The heater for Europa’s 
oceans are tidal forces experienced 
during its speedy orbit round Jupiter. 


- Into the deep 
Measurements of Lake Vostok suggest 
an average depth of 432m (1,417ft). 
Europa's oceans are estimated at 
(OO) Cram (ol@)anip amee)ale-linliar-manle)ecmenr-le 
twice the volume of Earth's oceans. 


constant darkness experienced in Antarctica 
throughout the winter months, the relative lack of 
daily temperature extremes reduces the strength of 
any distorting air currents in the aurora-filled skies. 

Such extreme conditions can push both 
astronomers and their instruments to their physical 
limits. The Amundsen-Scott Station near the South 
Pole is only accessible for about three months each 
year, when it’s warm enough to fly aircraft in and out. 
This creates necessarily tight windows of opportunity 
for any telescopes to be assembled, calibrated and 
started up. Most of the teams involved with these 
projects will then return home, leaving only a few 
‘winter-overs' necessary for maintenance during the 
long night when the sun doesn't rise above the cool 
and icy horizon. 

Arguably, Antarctica-based astronomy really hit 
the headlines in March 2014, when a team working 
at the BICEP2 and Keck Array Experiments, led by 
John Kovac of the Harvard-Smithsonian Center for 
Astrophysics, announced that they had successfully 
detected the much-sought B-mode polarisation in 





The South Pole Telescope (SPT) is | 
the biggest telescope in Antarctica 
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“One irony of Antarctic astronomy is 
that, sometimes, the South Pole just 
isn't cold enough by itself!” 


the Cosmic Microwave Background (CMB). This, they 
believed, was direct evidence of the gravitational 
waves generated during the theorised cosmic 
inflation, which occurred in the earliest moments of 
the universe. 

However, subsequent interpretation of their 
findings, allied with new data from the European 
Space Agency's Planck satellite, suggested that this 
wasn't the case, but that the detected polarisation 
was, in fact, more likely due to the presence of 
greater-than-assumed levels of dust in our own 
galaxy. Nevertheless, the unexpected global interest 
in the findings of this unique mission proved that 
the work being carried out at the very bottom of the 
world is undeniably on the cutting edge of modern- 
day science. 





BICEP (Background Imaging of Cosmic 
Extragalactic Polarization) and the subsequent 
neighbouring Keck Array were designed specifically 
to detect the B-mode signature in the Cosmic 
Microwave Background, the ancient echo of the 
Big Bang. BICEP] operated from the Dark Sector 
Lab at Amundsen-Scott South Pole Station, one of 
three permanent research stations in Antarctica 
operated by the USA's National Science Foundation, 
between January 2006 and December 2008. A 
second-generation instrument, BICEP2, featured 
a significantly greater number of detectors and 
operated from January 2010 until December 2012. By 
that time the neighbouring Keck Array, a suite of five 
telescopes, each duplicating the BICEP2 detector, was 
fully operational. 

BICEP2 has since been replaced by BICEP3 and, 
while retaining the same 2,460 detectors as the Keck 
Array, it will cover much more of the sky. BICEP3 
has also been designed without the need for the 
expensive liquid helium cooling system used by its 
predecessors to keep its detectors sufficiently cool. 

As John Kovak has pointed out, one irony of 
Antarctic astronomy is that, sometimes, the South 
Pole just isn't cold enough by itself! 

Another telescope located at the South Pole is 
the aptly, if not imaginatively named South Pole 
Telescope (SPT). Originally constructed in 2006 by 
a team led by several postdoctoral scientists from 
the University of Chicago, the ten-metre (33-foot) 
-diameter telescope remains physically the largest 
telescope ever deployed in Antarctica. 
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Where Do Cosmic 
Rays Come From? 


® Explosive birth | Gocinslenr\ycxe-lsm(-l MUcuanleeeeloeulmuisls 
Cosmic rays are high-energy particles . z 

released primarily by massive supernova UlliveIse, but how do we detect them? 
explosions. They include both electrically 

charged particles (protons and electrons) 

and non-electrically charged neutrinos. 











® Journey into space 
Travelling through space, the electrically 
charged cosmic rays will be deflected by 
the magnetic fields of nearby stars and 
galaxies, neutrinos, however, will head 
on unaffected. 


DLs 


© Down to Earth’ ; 
About 100 trillion neutrinos pass 
through your body every second, but 
you'd have to wait about 100 years for s 
one to interact with one of your atoms! 


® Into the detector 
IceCube consists of an array of 86 , 
ida a}4cme) me] tod] =] me) 81d(er-] Manvele|0](=°m (BL@))V/1:)) 
set 125m (410ft) apart. Each string has" 
60 DOMs some 17m (S6ft) apart. ‘ 













\\ 






~ il 


Gathering the data ® —— 


i} About 100GB of time-stamped, 
ili) | ae : (ofo)| {=etk=\e Mel-] eM CMS=10 1 N= BYOL-NY 





from the IceCube Laboratory on the 
surface to a data warehouse at the 
University of Wisconsin-Madison. 
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Flash photography @ 

When neutrinos interact with the ice, they 
break up into electrically charged particles 
that emit Cherenkov radiation. This is 
what is recorded by the DOMs and sent to 
the surface IceCube laboratory. 
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detector for IceCube, also measures 
the cosmic ray arrival directions in the 
southern hemisphere, as well as their 


flux and composition. 





Blocking out the noise 

IceCube is buried at 2,500m (8,200ft) 
deep, using the Earth itself as a filter to 
1b) (ole ao) bl muna te) =m (eler-]|\me)xelelb(a=1e K@e)-1n8/(0 
rays while letting neutrinos in. 
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This scale was necessary for two reasons: to 
ensure the SPT's observations at millimetre and sub- 
millimetre wavelengths were both as sharp and as 
bright as possible. 

The SPT's initial project, which began in March 
2007, was a wide survey searching for distant 
clusters of galaxies, based on their distortion of the 
CMB. When this data was combined with existing 
information on the galaxies’ estimated masses and 
the speed at which they were moving away from 
us, the results provided useful clues as to the nature 
of dark energy, the mysterious theoretical form 
of energy that is helping push everything in the 
universe apart. 

Following the success of this first objective, 
the new SPTpol camera was installed in 2012. 

While providing even greater sensitivity, the more 
significant feature was the new sensor's capability of 
measuring the polarisation of incoming light. This 
means that the SPT, alongside the neighbouring 
BICEP instruments and Keck Array, is now being 
used chiefly to search for B-mode components in the 
polarisation of the CMB. 

In July 2013, the SPT team announced they had 
done so, although this particular polarisation was the 
result of gravitational lensing of more conventional 
E-mode CMB polarisation. According to the team, this 
was a significant development in their cosmological 
work. “Successfully detecting this minuscule B-mode 
signal represents a major milestone along the way to 
using the CMB to learn about the earliest moments of 
the universe.” 

Even at the South Pole, atmospheric interference 
is still a problem for some astronomers, which is 
why despite a reputation for having some of the 
fiercest weather on the planet, Antarctica is a global 
hot spot for scientific ballooning, including NASA‘s 
own Ultra Long Duration Balloon (ULDB) project. 
Balloons may strike you as old-tech but there's 
plenty of cutting-edge technology involved in what 
remains a remarkably inexpensive way (at least in 
comparison with launching a satellite) of getting 
scientific instruments above 99.5 per cent of the 
Earth's atmosphere. 

These 21st century balloons, designed to offer long- 
duration flights at stable altitudes, are often massive 
structures. NASA's new heavy-lift Super Pressure 
Balloon (SPB), for example, is made from some 
8.9 hectares (22 acres) of toughened polyethylene 
film and is big enough to contain an entire football 
stadium. Plus, it’s capable of staying in position for 
weeks or even months. 

Antarctica is particularly good for scientific 
ballooning for two reasons: first, because the 
circumpolar wind is a strong steady wind high in 
the stratosphere that carries balloons steadily and 
predictably around the globe. Second, the nightless 
Antarctic summers minimise the effects of daily 
heating and cooling that causes balloons to lose 
altitude over time. 

There have been many notable balloon-carried 
projects, including ATIC (Advanced Thin Ionization 
Calorimeter), an international collaboration to 
measure the energy and composition of cosmic 
rays, BESS (Balloon-born Experiment with 
Superconducting Spectrometer) and a joint US-Japan 
experiment to detect anti-matter particles in cosmic 
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SPACE LAB AT THE SOUTH POLE 


Antarctica is where a lot of space science is happening 
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ANITA (balloon launch) 

“To launch a balloon, the surface winds have 
to be below about eight knots, which is around 
14.4 kilometres (nine miles) an hour. You also 
need to have low winds up to about 244 metres 
(800 feet). The team use a small weather balloon, 
commonly known as a pi-ball (pilot balloon) to 
check those. You'll see the pi-ball go up and then 
all of a sudden it will take off sideways. When 
these big stratospheric balloons are launched but 
not yet fully inflated, they are about 183 metres 
(600 feet) long. So if they go up and hit a heavy 
wind shear, they can be completely torn apart.” 


- W Robert Binns, PhD, Research Professor of 
Physics at Washington University 
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Antarctica is very 
much like a meteorite 
trap. When these 
lumps of space rock 
hit the Antarctic snow, 
they are damaged 

less and are easy to 
find against a white 
background 


Meteorite hunting 

“During the systematic searches and sweeps we used only our BS to 
scan the blue ice, sometimes with the aid of binoculars. 
Forming a line, either on snowmobile or on foot, we 
worked by moving in parallel transects spaced apart 
according to the terrain and concentration of meteorites. 
The fun began when someone waved his or her arms to 
signal that the rest of the team needed to converge at the 
find. A snowmobile with a GPS receiver parked next to the | 
meteorite to record about five minutes of location data 
and a collection bag was brought out.” 


- Linda M V Martel, Hawaii Institute of Geophysics 
and Planetology 
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The South Pole | 


telescope maps the 
Cosmic Microwave 
Background 


in the hope of — 


understanding the 
early universe 


South Pole Telescope 
The South Pole Telescope team have recently installed a bigger, more 
sensitive camera on the telescope to further understand how the Solar System 
formed. “In the next several years, we should be able to get to i 
the sensitivity level where we can measure the number of 
neutrinos and derive their mass. Hopefully this will tell us 
how they contribute to the overall density of the universe. 
This measurement will also enable us to understand even 
more sensitive constraints on inflation and has the potential 
to measure the energy scale of the associated physics that 
caused it in the very first place.” 


- Bradford Benson, Associate Scientist at Fermilab 
and Assistant Professor, University of Chicago 


Just like the South Pole 
_ Telescope, BICEP2 looks at the 
Cosmic Microwave Background 


to help us get a better idea of 


; 
L = 


BICEP2 


“The South Pole Station is only accessible for about three months out 
of each year. The temperatures are only warm enough to fly 
planes in and out for that period of time. When we take one 
of these telescopes like BICEP1 or BICEP2 to the South , 
Pole, we come in with a team and we work furiously for 
three months to try to get everything to work, to put it 
all together, calibrate it, tune it up and get it in pristine 
condition. Then all of us get on an aeroplane and leave - 
except for one guy. He watches the plane go and knows there ' 
isn't going to be another one for about nine months.” 


- John Kovac, Associate Professor of Astronomy and 
_ Physics, Harvard University 
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The IceCube Observatory 
focuses on detecting 
neutrinos (particles that 
are capable of travelling at 
high speeds) from violent 
sources such as gamma 
ray bursts 


IceCube 
“We embedded more than 5,000 photosensors in the ice, more than 


a mile [1.6 kilometres] below the surface, to watch for faint flashes of light 


produced when subatomic particles called neutrinos happen 
to interact with atoms in the ice. I don’t know whether 
neutrinos will ever be useful, perhaps for communications, 
or geological exploration, or because what we learn from 
them provides new theories. But I'm willing to bet that the 
greatest invention of 2015, whatever it is, will connect back in 
some way to fundamental research being carried out now by 
someone who has no idea what it may ever be good for.” 


- Tyce DeYoung, Associate Professor, College of Natural 
Science, Michigan State University. 
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radiation at high altitudes. In addition, NASA funded 
ANITA (Antarctic Impulsive Transient Antenna) 
project, which is studying ultra-high energy cosmic 
neutrinos (electrically neutral sub-atomic particles) 
by detecting the radio pulses emitted by their 
interactions with the Antarctic ice sheet. Three 
generations of ANITA have so far been launched, the 
most recent in December 2014 and each is dependent 
on the circumpolar winds of the Antarctic to propel 
it around the continent for approximately a month 
before landing and recovery. 

The IceCube Neutrino Observatory (IceCube) 
consists of an array of 5,000 highly sensitive optical 
sensors, buried sufficiently deep in the ice, from 1,450 
to 2,450 metres (4,757 to 8,038 feet), to hopefully 
detect the tiny cascade of electromagnetic particles, 
including Cherenkov radiation, which occurs when 
neutrinos interact with the ice. 

“The idea of a detector goes way back to 1960 with 
Russian Moisey Markov, who had the idea of using a 
big volume of water. But by the 1980s some people 
had the idea to use ice - if it was clear enough" 
explains Kael Hanson, Director of the Wisconsin 
IceCube Particle Astrophysics Center. “Because the 
optical properties of the ice at the South Pole are 
so favourable, light travels 100 metres (328 feet) 
and maybe up to 200 metres (656 feet) in the deep 
ice without getting absorbed. So we can place our 
sensors relatively far apart and, in that manner, 
effectively instrument one square kilometre (0.39 


square miles) of target relatively cheaply. 

“Ice is even more transparent to radio waves" he 
adds, “so we started a new line of detectors down 
there that use radio emission from neutrinos that 
interact with the ice. We think we can actually get 
much larger volumes using radio waves. 

As early as April 2012, IceCube detected two 
neutrinos with energy signatures from outside the 
Solar System, which the team nicknamed Bert and 
Ernie. “After we found Bert and Ernie we had the 
signal we knew we were looking for and so we could 
go back and do a follow-up analysis of the data,” 
Hanson says. “From the first two years worth of data, 
we found 26 more events that we think were coming 
from the same general phenomena, being accelerated 
in supernova remnants. The neutrinos are now really 
beginning to come out all over the place” 

There's more than you might think underneath the 
Antarctica ice, not least an estimated 400 sub-glacial 
lakes. The largest and best known of these is Lake 
Vostok, named after the Russian research station that 
sits above its southern tip, itself famed for the coldest 
recorded ground temperature on Earth, -89.2 degrees 
Celsius (-128.6 degrees Fahrenheit) in 1983. 

Approximately 250 kilometres (155 miles) long 
and 50 kilometres (31 miles) at its widest point, Lake 
Vostok covers a staggering 12,500 square kilometres 
(4,826 square miles), that’s roughly eight-times the 
size of London. It has been isolated from the rest of 
the world by about four kilometres (2.5 miles) of ice 


‘After we found Bert and Ernie we 
had the signal we knew we were 


looking for” Kael Hanson 


How to launch a space balloon 
Balloons are right on the cutting edge of space technology 


The day begins with an evaluation 
of weather conditions. If this 
proves unfavourable, the launch 
will be postponed until either later 
the same day or the next day. 


® 1 Launch day morning @ 
ez 






2 Take positions @ 
The launch team take up their 
positions as final tests are made. 
Auxiliary balloons are filled with 
helium to hold the gondola 
during the release phase. 








The avionic gondola is brought to the 
launch area and integrated with the 

remaining elements of the balloon for = 
final testing and checking. 
















® 4 The scientific gondola 

The scientific gondola, weighing up to 
1100kg (2,425lb), is assembled under the 
auxiliary balloons, as communication links 
between it and mission control are tested. 







for an estimated 15 million years. 

Almost from when Lake Vostok’'s existence was 
first confirmed in the early 1990s, astro-biologists 
have been speculating about what extreme alien 
ecosystem the lake could contain, given that 
evolution has had 15 million years to do its own thing 
in the dark. More importantly, there are potential 
parallels with the sub-surface ocean, which many 
believe exists on Jupiter's moon Europa. If life can be 
found in Lake Vostok, then why not on Europa? 

Despite criticisms and pleas from the likes of the 
United States National Research Council and the 
Antarctic and Southern Ocean Coalition (ASOC), 
Russian scientists have in the last few decades 
instigated several attempts to drill down to the 
mysterious depths of the lake. Relying largely 
on techniques that use chemicals like Freon and 
kerosene to lubricate the borehole, there have been 
some fears that any recovered samples and the lake 
itself could be irretrievably contaminated which 
would damage the current ecosystem. 

The first core of freshly frozen lake ice was 
obtained on 10 January 2013, which Russian 
scientists say included DNA unlike any known 
bacteria. A second borehole was completed in 
January 2015 and whatever the results of its analysis, 
it’s clear that a wide variety of technical, procedural 
and ethical issues will still be hotly discussed for 
years to come and are likely to shape any future 
exploration of locations such as Europa. 

Astronomy in Antarctica didn't start with building 
the first telescopes or drilling the first boreholes. It 
began on 5 December 1912, when Francis Howard 
Bickerton, a member of Sir Douglas Mawson's 
Australasian Antarctic Expedition, happened to pick 
up part of a meteorite that was soon termed the 





6 Inflation @ 

Two operators inflate the balloon 
with helium, a process that can 

take between 15 and 45 minutes. 


® 5 Main balloon 


The main balloon is carefully unfolded on a 
long protective mat, with operators donning 
gloves to protect the fragile material. 
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Adelie Land Meteorite (ALM). 

At least that's the view of Michael Burton, an 
experienced lecturer in astronomy and physics at the 
University of New South Wales. Weighing just about 
one kilogram (2.2 pounds), the ALM was eventually 
classified as an ordinary chondrite and would be just 
the first of many thousands of new discoveries to be 
made in Antarctica. 

Antarctica is now the richest source of meteorites 
in the world. This is because, while meteorites fall 
randomly all around the planet, it's easier to spot 
them against a plain background with a minimal 
accumulation of indigenous sediments. The east- 
Antarctic ice sheet is a perfect hunting ground for 
any meteorite hunter and most rocks on the ground 
will have come from the sky. 

As the East Antarctic ice sheet flows toward the 
edge of the continent, it is occasionally blocked 
by mountains or subsurface obstructions. These 
obstructions push meteorites trapped in old, deep ice 
to particular areas of the surface, where the elements 
blow away the snow and ice. 

In recent years, with human attention turning 
once again to the Moon and Mars, it is very useful to 
remember that a lot of what we have learned about 
our nearest astronomical neighbours wasn't achieved 
by going there but by examining fragments that 
had been blasted off them. Subsequently we have 
discovered these fascinating objects as we search the 
freezing Antarctic landscape. 

Possibly the largest such programme is the US 
Antarctic Search for Meteorites (ANSMET) that by 
2012 had collected more than 20,000 meteorites. 
Parallel programmes have been run by other nations, 
providing much of the extraterrestrial materials now 
available for scientific study around the world. @ 
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S Rising to the ceiling @ 
The balloon reaches its given 
ceiling for the flight, which can be 
up to an altitude of 42km (26mi). 
The collection of scientific data 
commences at this point. 








7 Release 

The main balloon is 
released and rises into 
the sky, its ascent and 
flight path is monitored 
by mission control. The 
auxiliary balloons are 
released from the gondola. 
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® 12 Repatriation 
A helicopter is used to lift the 
scientific equipment and any other 
relevant balloon components onto 
a lorry for safe transit back to base. 


® 9 Mission completed 

After a suitable landing site is identified and 
recovery crews are informed and mobilised, 
the flight chain is separated from the balloon. 








@ 10 Return to Earth 

The deflated balloon falls to earth 
at about 20m (66ft) a second, it 
is then recovered, folded up and 
returned to the launch site. 






© 11 Safe and sound 
Thanks to deployed 
parachutes, the scientific 
equipment lands gently 
within approximately 10km 
(6.2mi) of the balloon. The 
team then secure the area. 
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Future Tech Space hotels 
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Have you achieved all your travel goals on Earth? 
Bigelow Aerospace is working on your next holiday 











. | Central spine 
7 This provides the rigid 
ero) n=e) mm Ual=m anole lOl(=¥-]are| 


ke systems, like life support 


ae | and power management. 
Each module is q 8 
designed to carry its | / 
fo) axe) f=] 8Y-] 812] XO) | 


that as a module is | MY 
added to the station it . — 
brings its own power. 


& 
| 
; 
| | will house the major 
Solar panels l= — 
| 






™ Main truss 
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the backbone of the 
station, like on the ISS. 





Docking ports 
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Inflated shape 
The Bigelow modules will 
be launched tightly packed 
into a rocket nose cone and 
once in space they expand 
to their final shape. 


“Bigelow is now about to go full circle 
and launch its first piloted module, 
for NASA to bolt on to the ISS” 





Space hotels 





After Apollo 8 made the first flight around the Moon 
during Christmas 1968, Pan American Airways 
opened a waiting list for a planned service to the 
Moon. Over 93,000 people signed up for the list and 
it only closed when Pan Am folded in 1991. While 
this early optimism failed to deliver, there are now 
a number of projects working toward private space 
stations and they do have space tourism and space 
hotels as a part of their plans. By far the biggest 
leader is Bigelow Aerospace of Las Vegas, which is 
funded by a hotel billionaire. 

Robert Bigelow made his fortune building the 
Budget Suites of America chain of hotels. Interested 
in space technology since childhood, he started 
Bigelow Aerospace in 1999 to take on a NASA 
concept for inflatable space modules that had been 
cancelled in the early 1990s. Bigelow's intention 
is to build, operate and sell access to private space 
stations using these inflatable modules. The 
company launched its first test crafts, Genesis 1 
and 2, into space in 2006 and 2007. Though it has 
subsequently pursued ground testing, while waiting 
for private access to space to develop, Bigelow is now 
about to go full circle and launch its first piloted 








me lameyaeyit assembly module for NASA to bolt on to the ISS. 
The inflatable design In the long term it will be launching its B330 
gives much more modules which are packed into a rocket nose 
useable volume, but cone and then inflated once in orbit. Bigelow has 
multiple models can already had official expressions of interest from 
be joined in space to seven different countries, including the UK, about 


make a larger station. accessing these facilities once they are in place. But 


because the access is privately arranged for profit, 
there is interest in using modules like this for space 
tourism, so we could see the first space hotel in the 
near future. 

A Space Adventures chartered Soyuz spacecraft 
from Kazakhstan, or a SpaceX Dragon capsule 
from Cape Canaveral could launch tourists into the 
outer atmosphere. With careful timing you would 
have only a few orbits to catch up with the space 
station. After docking you would float out of your 
seat and drift into the central core of your module. 
® Interior volume The Bigelow modules expand into pod shaped units 

This module is shown as 13.7 metres (44.9 feet) long and 6.7 metres (22 feet) 

a research laboratory, but in diameter and its name comes from its 330 cubic 

the Bigelow modules mes metres (11,654 cubic feet) of useable volume - more 

sul eee i pee aol than three times the volume of the US Destiny 

module of the ISS. Even though it is an inflatable, 

its walls are 46 centimetres (18 inches) thick and 
are made of multiple layers of ballistic, thermal 
and radiation protection. Despite being a balloon it 
will provide greater protection against debris and 
radiation than the rigid modules of the ISS. Windows 
have not always been a designer's first thought - the 
Project Mercury astronauts had to demand one and 
the US Skylab station only got a small porthole - but 
the B330 will have four large UV shielding windows. 
The view is just as important for researchers as 
tourists, though these categories will probably 
overlap. There have been eight tourist flights to the 
ISS but the participants have always chosen to carry 
out work of some kind, certainly it will be a while 
before anyone feels they just want to float by the 
window after spending that much money. 

In future there could be multiple stations built of 
Bigelow modules and they could provide habitation 
for flights to Mars and the Moon. ®@ 
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Think you know All About Space? Here are 20 
Space myths that need to be debunked 


Written by Laura Mears 


Our understanding of the workings of the universe 
is better than it has ever been, but there are still 

a number of misconceptions that manage to fool 
many of us. Some of the following might sound 
plausible, but barely any of it is true. 

The Sun is a burning orb of yellow fire and the 
temperature is higher during the summer months 
because we orbit closer than we do in the winter. 
Mercury is the closest planet to our star and must 
therefore be the hottest. 

The lunar phases are caused by the shadow of the 
Earth and at night we can only see one side of the 
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Moon, so the other must be in perpetual darkness. 
The stars form patterns with their close neighbours 
and are grouped into local constellations, the 
twinkling light that they produce travels to Earth in 
a straight line, unaffected by the pull of gravity. 

Comets race past with their tails pointing back 
toward the direction that they came from and as 
meteorites tumble through the atmosphere, they 
heat up so much that it’s not safe to pick them up 
from the ground. 

In space, astronauts experience zero gravity and 
the only man made object they can see is Great Wall 


of China. Friction on re-entry heats their spacecraft 
to thousands of degrees and if the astronauts were 
unfortunate enough to have a collision in space, 

it would make an audible bang. Any astronaut 
exposed to the vacuum without a spacesuit would 
explode due to a pressure imbalance. 

Saturn is the only planet with rings (learn more 
about the Jewel of the Solar System on page 28), but 
in order to reach it you have to travel through the 
asteroid belt, which is so packed with rocks that it 
is like a minefield. And watch out for black holes, 
because they'll suck you straight in. 


www.spaceanswers.com 


Black holes suc 


Black holes have a gravitational pull 
so intense that not even light can 
escape their clutches. They drain the 
life out of stars, ripping away layers 
of ‘gas and shredding the component” 
atoms. They are often portrayed as 
vast cosmic vacuum cleaners, capable 
of clearing huge areas of space. 
However, the black holes of science 
fact and science fiction are not 
entirely alike. 

In reality, black holes behave 
almost exactly like any other massive 
object in the universe. The speed 
required to escape the gravitational 
pull of an object, whether it's a planet 
or a black hole, is known as the 
escape velocity. For an object like 
the Sun, with a modest gravitational 
pull, an object only needs to travel at 
a speed of 618 kilometres per second 
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(384 miles per second) to escape. If 
this speed cannot be achieved, the 
object will fall back down toward the 
solar surface. 

At the event horizon of a black 
hole, even something travelling at 
the speed of light, almost 300,000 
kilometres per second (186,411 miles 
per second) would not be fast enough 
to escape and the only option would 
be to continue inward. 

The further away from an object 
you go, the lower the escape velocity 
and far from the event horizon, black 
holes behave just like stars. Objects 
passing far enough away and at a high 
enough speed are in no danger of 
being pulled into the centre and if the 
Sun were swapped with a black hole 
of the same mass today, Earth would 
(eo) niabalelcmcome)so)im-lom aleenst-l B 
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The black hole Cygnus 
X-1 is slowly feeding on 
ablue hypergiant 


47 





20 space myths busted 


oe 3 
— _ Z 


The Earth is 
Closer to the Sun 
in summer 


Most people know that the Earth doesn't travel 
around the Sun in a perfect circle, so it is easy to 
see why some make the leap and assume that 
the seasons are caused by the distance to the 
Sun, but the idea doesn't hold up when you think 
that the northern and southern hemispheres 
experience summer at different times of the year. 
Earth's orbit isn’t as elliptical as people imagine 
and over the course of a year, the distance 
between Earth and the Sun varies by just 5 
million kilometres (3.1 million miles) - that’s only 
about three per cent. What's more, during winter 
in the northern hemisphere, we are actually 
closer to the Sun than we are in the summer. 
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In December the 
northern hemisphere 
tilts away from the Sun. 
Day lengths are shorter 
and the light strikes the 
atmosphere at an angle, 
spreading out as it 
reaches the ground. 


June 

In June the northern 

hemisphere receives 

direct sunlight and 
the days are longer, os 

concentrating the # 
energy and raising the 
temperature. 


The real reason for the seasons is the axial 
tilt of the Earth. As the year progresses, light 
hits the northern and southern hemispheres at 
proportionally different angles and for different 
amounts of time every day. 

During the winter, the days are short and 
the light strikes the atmosphere at a low angle, 
glancing through the gasses as it travels toward 
the surface and spreading out as it reaches 
the ground, distributing the energy. During 
the summer the days are much longer and 
the sunlight hits the Earth at a steep angle, 
taking a more direct path toward the floor and 
concentrating the energy into a smaller area. 


Axial tilt 
The axis of the Earth 
always points in the 
same direction, so 
as the year goes by, 
different parts of the 
Earth end up facing 

} toward the Sun at 
different times. 


March and 
September 

In spring and autumn, 
the axis of the Earth 
is lined up parallel 

to the Sun and the 
light strikes the 
northern and southern 
hemisphere equally. 
The length of a 

day evens out and 
temperatures across 
the globe are milder. 


Beneath the visible surface of the Sun, heat is 
transferred outward by the process of convection 
through a sea of plasma 


The Sun is 
burning 


Fire needs three things to survive: fuel, heat and 
oxygen. The Sun has fuel as it is composed mainly of 
hydrogen and helium gas. Helium is an inert element 
and does not burn like some of its volatile neighbours 
on the periodic table, but hydrogen is highly 
flammable. The Sun also generates an enormous 
amount of heat energy and its surface is an Earth- 
melting 5,500 degrees Celsius (9,932 degrees 
Fahrenheit). However, there is no oxygen in space, so 
the fire triangle is incomplete for the Sun. 

In reality, the Sun isn't actually a ball of fire and 
instead, the heat and light that it produces are the 
result of thermonuclear fusion. Inside the high- 
pressure, high-heat environment of our star, high- 
speed hydrogen atoms come within one femtometre 
of each other (that's O.:OOOOOOOOOO00000!1 metres). 
A collision at this distance allows the two nuclei to 
fuse together, forming helium and releasing huge 
quantities of energy as gamma-ray radiation. Every 
second inside the Sun, 700 million tons of hydrogen 
smash together to form 650,000 tons of helium, 
which triggers more fusion in a chain-reaction and 
keeps this natural nuclear reactor going. 


Me, 


The Sun is powered by nuclear fusion reactions 
occurring deep within its core 
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The asteroid 
belt is very . 
_ hazardous — 
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There is no doubt that there is a lot of 
rock in the area of our Solar System 
known as the asteroid belt. Sitting 
bétween Mars and jth eicsemanlicmey-nalel 
of fragments contains over 3,000 
minor planets and more.than 750,000 
separate asteroids measuring more 
than 1,000 metres (3,280 feet) across. 
The larger asteroids sometimes collide, 
spraying smaller fragmenits into the 
belt and, according to the myth, 


endangering any spacecraft that dares - 


tqyweave its way through. 

This myth:has been fuelled by , 
science fiction. When Han Solo takes ° 
the Millennium Falcon into an asteroid 


_ field in Star Wars: The Empire Strikes 


Back, C-3PO warns, “Sir, the possibility 
of successfully navigating an asteroid 


field is approximately 3,720 to one”. If 


The Sun is yellow 


the Hoth asteroid field was anything 
like our‘own, he couldn't have been 
more wrong. 

In the 1970s, NASA's Pioneer 10 
InY-Ve-Vant cM dat -Banecimcje-leser-limromsraaterit= 


‘its way through the asteroid belt. Only 
‘a layer of aluminium honeycomb 
‘ protected Pioneer, but despite the 


apparent danger, it made it idaycoyetedal 
uldem rons certle) mols because of careful 
evasion, but because the distance 
bétween asteroids is huge. 

The belt spans an area of space that 


_ Measures around 50 trillion trillion 


cubic kilometres. On average, there is a 
distance of around 970,000 kilometres 
(600,000 miles) between thé asteroids, 
which is more than twice the ehtsie-batecs 
from the Earth to the Moon. When 
compared to the crowded space 


‘ imagined in the movies, the asteroid 


belt is actually relatively empty. 

A much bigger danger in the 
asteroid belt is the Gust-sized particles 
that form when asteroids collide. These 


- tiny grains could definitely cause 


damage to the spacecraft, but-evading ° 
rocks the size of a grain of sand’ doesn't 
make for very good television. 


The asteroid belt is 
nowhere near as crowded 
as most people think . 
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As every crayon-wielding toddler knows, the sky 
is blue and the Sun is yellow. Even though you 


Should never look directly at the Sun, photographs 


reveal a yellowish hue and when you look up on 
a sunny day, a distinctive orange tinge appears as 
the Sun dips over the horizon at night. However, 
this yellowness is just an illusion. 

The Sun produces all wavelengths of visible 
light and therefore its true colour is white, but 
as sunlight travels through the atmosphere it 
changes. The wavelengths of light at the blue end 


of the spectrum are much shorter than those at 
the red, so collisions with particles in the air are 
more likely. During the day, blue light scatters 
high in the atmosphere, giving the sky its blue 
colour and making the Sun appear yellow. 

In the morning and evening, the light that hits 
the ground has farther to travel and this effect 
becomes more extreme. Most of the shorter blue 
wavelengths scatter before they hit the ground, 
giving the sunrise and sunset its characteristic 
red-orange hue. 
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Stars in constellations 
are close together 


The stars in the night sky are arranged 
into 88 constellations that represent, 
among other things, 29 inanimate 
objects, 19 land animals, nine birds 
and a dragon. These recognisable 
groupings have guided farmers and 
travellers for thousands of years, but in 
terms of proximity, they are not really 
groups of stars at all. 

Despite appearing to be close 
together, the stars that form the 
constellations are often separated 
by tens or hundreds of light years, 
extending backward into space. From 
our vantage point on the surface of the 
Earth, Orion might look like a warrior 
with a shield, but from elsewhere in 
the galaxy, the stars would look distant 


and unconnected. They vary in age, 
size, type and brightness and it is by 
chance that we see them in groups. 

Constellations might not be 
scientifically meaningful groups of 
stars, but they do help to break up the 
sky into recognisable and manageable 
chunks. By making associations 
between patterns in the stars and 
familiar animals or objects, the names 
and positions of individual stars 
suddenly become much easier for 
astronomers to remember. 

This is one of the few occasions 
when myths can be a good thing, 
because the mythology and back-story 
surrounding each of the constellations 
helps to fix them in people's minds. 





From another 
perspective in space, 
constellations look 
very different 


/ The Moon has a dark side 


@ New Moon 
At the start of each 


lunar cycle, the Moon 
comes between the 


Earth and the Sun, 
so the Sun's light is 


actually illuminating 


the dark side. 


New Moon 


Light on the dark side 
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| Barliaiie 
As the Moon waxes and 
wanes, light falls on both 
the near side and far side of 
the Moon at the same time, 
SO we only see part of it. 





First quarter 


h————- Waxing crescent _———_______—1 +} 
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Waxing gibbous 


Full Moon 
By the time the Moon 
has completed half 
of its orbit, it is fully 
visible in the sky. 

The side that we see 
is directly facing the 
Sun and the dark side 
really is dark. 





Full Moon 


ee, | 
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wack fa the Great 
‘Wall (highlighted by the arrows) is all 
_. but invisible from the space s tation. 


The dark side of the Moon has inspired studio albums, 
novels, television series, films and videogames, but the 
Moon it is not quite what it seems. We only see one side 
of the Moon from Earth, but just because we can't see the 
other side, it doesn’t mean that it is dark. 

Looking at the phases of the Moon easily disproves 
this myth. During a full Moon, the side that we can see is 
fully illuminated and the other side really is in complete 
darkness, but at any other time of the month, we can only 


By the time the Moon has 
completed an orbit around the 
Earth, its entire surface has been 
exposed to the Sun, meaning 
that there is no literal dark side. 


—— Waning gibbous 
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You can see the Great 
Wall of China from space 


The Great Wall of China is the longest 
man made structure in the world and 
Spans an incredible 21,196 kilometres 
(13,171 miles). The idea that it might be 
visible from outer space is a popular 
one and has been around since the 
1930s, but unfortunately it is only 
partly true. 

The Great Wall might be very long 
but of course, it's not remotely as wide 
at just Over six metres (20 feet) at its 
base. Not only that, it is constructed 
from materials that blend well with the 
surrounding terrain. In low-Earth orbit, 
which starts at 160 kilometres (99 
miles) altitude, the wall is easy to pick 
out on radar images but is invisible to 
the naked eye. During his time on the 


see part of the Moon. The rest of the light is falling on the 
far side, or the so-called dark side. 

For photographic evidence, you only have to look to the 
first ever images of the far side of the Moon captured in 
1959 by the USSR’s Luna 3 and how it perfectly lit up by 
the Sun. Not only do these images dispel the myth that the 
dark side of the Moon receives no light, they also show that 
the rock is actually lighter in colour than the side that we 
can see, making our side the true dark side. 












View from Earth @ 
The Moon is tidally locked to the 
Earth, meaning that as it orbits it 
spins to face us, So we only ever 
see the same side. The other side is 
commonly known as the dark side. 





New Moon 
Waning crescent ——4 


International Space Station in March 
2013, Commander Chris Hadfield 
tweeted “I did not see the Great Wall of 
China from space and neither did the 
Chinese astronauts. With a big enough 
camera lens and clear air, maybe.” 


The Great Wall is too thin and blends in 
too well to be seen from space 


The 
Earth's 
shadow 
causes 
the lunar 
phases 


It seems plausible that the lunar 
phases are the result of the Earth's 
shadow, but the Moon is often 
visible alongside the Sun during 
the day, so what's really causing 
the lunar phases? 

They are actually the result of 
the Sun rising and setting over the 
visible side of the Moon as it orbits 
the Earth. During a full Moon, our 
satellite is on the opposite side of 
the Earth to the Sun, so we see 
the sunlight illuminating its entire 
visible surface, while during a new 
Moon, the Moon comes between 
the Earth and the Sun, so the light 
falls on the side that we cannot 
see. In the intervening days, the 
amount of light that we can see 
on the lunar surface gradually 
increases and decreases with the 
orbit of the Moon. 

A lunar eclipse is the only time 
that the Earth casts a shadow on 
the Moon and these rare events 
only occur if the Earth comes 
exactly between the Sun and the 
Moon, temporarily blocking out 
the light. 
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Light isn't 
Plitcaltae 
by gravi 


Massive 
cosmic lens 


Galaxy { ~ 

The light from distant 
galaxies can be seen 
from the Earth, but 
the pictures that 

we capture do not 
always match what is 
really there, thanks to 
gravitational lensing. 


bends light. 





The Sun belts out an incredible 
3.8x102© Joules of energy every 
second and Mercury is right in the 
firing line, orbiting at an average 
distance of just 58 million kilometres 
(36 million miles), almost three-times 
closer than Earth's 
solar orbit. 


‘@ Cosmic ~~ 
magnification ~~ 1 
This phenomenonis 
‘ known.as gravitational 

| lensing, because the 
curve in.space-time \. 
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Mercury is the hottest 
planet in the Solar System 


During the day temperatures soar 
to around 430 degrees Celsius (800 
degrees Fahrenheit), so surely it must 
be the hottest planet in the Solar 
System? Not quite. Venus, which orbits 
nearly twice as far from the Sun has 
an average temperature of 462 degrees 
Celsius (864 degrees Fahrenheit) - hot 
enough to melt lead. 

The difference is down to the 
atmosphere. On Venus, the atmosphere 
is thick and composed mainly of 
carbon dioxide, trapping the heat in an 
insulating bubble, while Mercury has 
a very thin atmosphere. When it turns 
from the Sun at night the temperature 
plummets to -180 degrees Celsius (-292 
degrees Fahrenheit). 


/ne path or the 
Sarnich 
_.-appearsmorethanoncein 
the sky, either as a duplicate, ~ 


~~“. or as streaks or-rings. 


Gravity is an attractive force between 
two objects with mass and light and 
is transmitted by photons, which have 
no mass, so light can't possibly be 
affected by gravity. But, if this is true, 
how is it that black holes can prevent 
light from escaping? 

The laws of gravity that we know 
were the work of Isaac Newton, who 
said that gravity is a pulling force that 
works when both objects involved 


Galaxy cluster 
This massive cluster 
of galaxies between 
Earth and the distant 
galaxy has created an 
enormous curve in the 
| fabric of space-time. 
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When most people think of planets 
with rings, there is only one that 
springs to mind - Saturn. The gas giant 
is well known for its seven main rings 
and there's no denying that they are 
incredibly photogenic, but they aren't 
the only ones in the Solar System. 
Jupiter, Uranus and Neptune all 

boast their own set of rings, although 
nobody could be certain they existed 
until the Voyager flybys in the 1970s 
and 1980s. 

The rings are much thinner and less 
visible from Earth, but astronomers 
think that this might not always 
have been the case. Saturn's own 
rings may have been around 
since the formation 


a 


Saturn is the only ringed 
planet in the Solar System 
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have mass. However, Albert Einstein 
overhauled this theory by suggesting 
it was the result of the shape of the 
fabric of the universe. 

Imagine placing a heavy ball on a 
sheet of rubber. The rubber stretches, 
creating a dent. If you try to roll a 
smaller ball from one side of the sheet 
to the other, instead of travelling 
straight, it will have to curve. This is 
what the stars and planets do to the 
dimensions of space-time. 

These curves don't just affect 
objects with mass, but light travels 
so fast that the dips in space-time 
have little effect on it. But black holes 
create space-time curves that bend 
toward infinity, so not even light can 
climb out the other side. 


Space-time 

A Wale a Vomrellant=lari(e) are] 
representation of space- 
time gives an idea of what is 
really happening in the four 
dimensions of space. 





‘Pathbent —~ 
»<The photons of light. 


~<—___ released-by the-distant 


“galaxy curve their paths as 
_ they travelpast the massive 
cluster of galaxies. 
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of the planet itself, and it is thought 
that these incredible structures have 
changed over time. Although Saturn 
has the most stunning rings at the 
moment, in the next 100 million 
years (pretty soon, by cosmological 
standards), Neptune's moon Triton 
may even be torn apart by tidal forces, 
creating a dramatic new ring system 
of its own. 
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When returni 
the atmosphere, the 
faster than the speed of s 
the temperature rises rapidly fro: 
around -155 degrees Celsius (250 
degrees Fahrenheit) to nearly 1,650 
degrees Celsius (3,000 degrees 
Fahrenheit). Could friction be 
responsible for all that heat? 
Friction in spacecraft is a major 
problem for engineers, particularly 
when designing streamlined 
supersonic rockets. The more air 
that is in contact with the surface, 
the more frictional heating occurs. 
However, vehicles designed for 
descent are not streamlined and 
friction is not the main reason for 
the incredible molten temperatures 
during re-entry. 


twinidle 

A famous nursery rhyme is responsible 
for this myth, but although stars 
appear to twinkle in the sky, the 
flickering is just an illusion. It might 
seem plausible that a star would 
twinkle as it shines but at this distance 
the light that we see from them is 
actually very steady. 

As light travels toward the Earth, it 
passes through the gas molecules that 
make up our atmosphere. These are 
not static and they swirl as turbulence 
stirs the atmosphere. This deflects 
some of the light, making it look like 
the light is shifting and twinkling. The 
more atmosphere the light has to pass 
through, the more likely these shifts 
are to occur, making stars near the 
horizon appear to twinkle more. 
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cushi raft. This 
keeps me iS away from 
the surface, preventing heat from 
transferring to the vehicle. 

Frictional heating contributes 
to the temperature rise, but the 
pressure achieves the real heating. 
The closer the compressed molecules 
come to one another, the higher the 
temperature climbs. Eventually, the 
pressure becomes so intense that the 
molecules start to tear apart, creating 
a layer of charged plasma and 
producing a searing plasma corona. 





Comet tails indicate 
which way they're heading 


Comets are essentially lumps of dirty 
ice. As they approach the Sun they 





winds, so they always point away from 
the Sun. 


ecause O: 


| | are hot 





heat up, releasing gas and dust. On 
Earth, we would expect the resulting 
tail to point backward, like the streak 
of a falling meteor, but in space there 
is no air. Comets are shaped and 
blown by radiation pressure and solar 


High-energy ultraviolet light crashes 
into the evaporating gas of the comet, 
stripping away electrons and forming 
charged ions. These get caught up in 
magnetic field lines and shoot directly 
away from the Sun in a blue ion tail. 





Evaporating comet 
As the comet approaches the 
Sun, it starts to heat up and its “ 
surface begins to evaporate, ro 


creating two characteristic tails. y 


Pointing forward 


Once the comet has passed the 


Sun, its tails both point forward 
toward the direction of travel, 
curving away from the source of 
pressure and wind. 








} “ae myths busted 


—— @ Plasma 


- ® Heated air 


| yeaa 


® Blunt body 
entry area 





4 16 
Meteorites 





As meteorites pass through the atmosphere 
they heat up so rapidly that the surface rock 
begins to melt. However, it is a bit like searing a 
steak: although the outside becomes intensely 
hot, the inside remains cool. The melted 
rock forms a crust just Imm (0.04in) 

li thick and by the time the meteorite a 
hits the Earth, it is likely to be 
only slightly warm to the 
human touch. 


At the same time, dust is released 
into space, forming a tail of particles 
as fine as smoke. Photons of light from 
the Sun create an intense bubble of 
pressure, which pushes against the 
dust, guiding it into a wide streak that 
curves around the path of the comet's 
speedy orbit. 


Dust Tail 

The dust tail is made up of 
particles as fine as smoke 
and appears white. It is 
pushed by the radiation 
pressure of the Sun and 
curves toward the orbital 


path of the comet. 





Gas Tail 

Ultraviolet light ionises 
the evaporating gas and 
the charged particles 
stream outward along 
magnetic field lines, 
creating a straight blue 
tail that points directly 
away from the Sun. 
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hear sounds 
in space 


You can @ We explode in 


dal L 
The sound of an exploding p ° 
vehicle on Earth is transmitted 
by a pressure wave, which travels S a eC S : 1 
through fluids like air or water 


when vibrating particles bump into 
one another and pass some of their 
energy on. In space, the particles 
are so far apart that sound waves 
cannot propagate, so although 

the source of an explosion would 
vibrate, the movements have 
nowhere to go. Outside of Earth, 
only on planets with atmospheres 
would we hear sound. 


Space is 
an empty 
vacuum 


Outer space is the closest place 

to a true vacuum in the universe 
and is far emptier of any particles 
than anything we can produce on 
Earth. However, there is so much 
hydrogen in the universe that a few 
atoms can still be found in every 
cubic metre of space. To all intents 
and purposes, it is a vacuum, 
especially compared to the atom- 
rich atmosphere of Earth, but it’s 
not perfect and nowhere in space 
can be guaranteed to be a true 
vacuum in the strictest sense. 


Our bodies are adapted to exist under the of exposure, people become unconscious. 
pressure of Earth's atmosphere and when This happened to an unfortunate space suit 
this is removed, water in the tissues starts to technician during a NASA test in 1966 after 
evaporate and the body starts to swell. Human some equipment failed, but thankfully the 
skin is stretchy enough that this does not lead pressure was restored after just 30 seconds 
to an explosion, but after around ten seconds and the technician recovered. 








There is 
no gravity 
in space 


Actually, craft like the International 
Space Station are constantly 

under the influence of Earth’s 
gravity - that’s what keeps them in 
orbit. The weightlessness that the 
astronauts experience is because 
they are falling gradually toward 
Earth. Gravity compels the ISS 
toward the ground, but the station 
is moving so quickly that it shoots 
over the horizon, falling around 
the curvature of the planet instead 
of coming back down to Earth. 
Essentially the astronauts inside are 
in a constant free-fall. 
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Watch Betelgeuse explode 


Watch | 
Betelge 
2:4D)(0 


Within 100,000 years, a nearby red giant star 
will explode. All About Space investigates what 
will happen when Betelgeuse goes supemova 












The clock is ticking 
for Betelguese and it 
could explode soon 
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Watch Betelgeuse explode 


The year was 1054 and something remarkable was 
happening in the heavens. Seemingly out of nowhere 
a new Star appeared in the part of the sky we now 
recognise as the constellation of Taurus. But this 
Was no ordinary star. At night it blazed brighter than 
Venus or Jupiter, its light was so ferocious that it 
could even be seen during the day for nearly a month 
and it was noted by ancient civilisations all around 
the world, from North America to China. Due to its 
temporary nature, the Chinese astronomers of the 
day dubbed it the ‘guest star’. Now we know 
it wasn't a star at all, but a supernova, the 
_ colossal explosion that marks the death 
~) of astar much more massive than the 
z Sun. And today we're on the brink of an 
even more impressive spectacle. 
- Nestled beside Taurus in the winter 
j sky is Orion, the hunter, perhaps the 
‘| most famous constellation of 
all. Look for Orion's second 
brightest star, which 


When 
Betelgeuse 
goes supernova 


All About Space met with Professor Craig Wheeler at 
the University of Texas, Austin, to talk about why we 
shouldn't worry when Betelgeuse explodes 


Why shouldn't we be worried when Betelgeuse 
finally does explode? 

We don't need to be worried about Betelgeuse when it 
explodes because we know its distance and we know 
the kill radius of a supernova. Betelgeuse is close 
enough to be very interesting and very bright to the 
human eye, but not close enough to be dangerous. 
The current best guess is that Betelgeuse is about 640 
light years away and supernovae must be as close as 
about 30 light years to cause damage to the Earth. 


What would happen to Earth if it were close 
enough to cause any damage? 

Asupermova closer than about 30 light years would 
damage the ozone layer that protects us from the 
ultraviolet radiation from the Sun. Surface life might 
die of sunburn, not the supernova itself. Supernova 
irradiation might cause mutations in surviving life. 
Betelgeuse will explode by having its inner core of 
iron collapse to make a neutron star, at which time it 
will emit a huge gout of neutrinos. Neutrinos could 
do cellular damage in great concentrations but they 
interact so little that this will probably be a negligible 
effect. There is some possibility that the material 
ejected from a nearby supernova could buffet the 
magnetopause of the Sun or Earth, exposing us to 
ultraviolet radiation or cosmic rays, but it is not clear 
how dangerous that is. The matter moves more than 
ten times slower than light, so that would be more 
than 300 years for a supernova at 30 light years away, 
meaning the original flash of light would give us 
plenty of warning. 


Betelgeuse: sequence of events 


1. Getting brighter 

Between now and 100,000 years time 
Astronomers will know that Betelgeuse has 
exploded before we see it. The light of the 
explosion will be slowed down as it passes 
through gas surrounding the dying star. 
However, ghostly particles called neutrinos 
will pass straight through and beat the light 
here. That will herald the start of Betelgeuse 
gradually getting brighter. 


2. At brightest 

Time of first brightening + 1 week 

The Betelgeuse supernova will take time to 
ramp up to its maximum brightness, this 
usually takes about a week or two. Astronomers 
can estimate this by looking at how the light 
from other similar supernovae varies in the 
days and weeks after denotation. The graph of 
these variations is called a light curve. 


3. Fading away 

A few months after peak brightness 

The light curves from other similar supernovae, 
called Type II supernovae, show that the fading 
process happens in two stages. First it drops 

in brightness by a factor of ten over a couple of 
weeks. Then its brightness plateaus for a month 
or two before tailing off further. 
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The Sun 


Betelguese 


‘Tt's close enough to be very interesting 
and very bright to the human eye, but 
not close enough to be dangerous." 


© Science Photo Library; University of Texas PR 


appears red in colour - this is Betelgeuse. Its name is 
derived from the Arabic for ‘hand of the central one’ 
and like the star that exploded in 1054, it is about to 
pop. In fact, that might have already happened. This 
star sits around 640 light years from us, meaning 

its light takes 640 years to travel across space to our 
eyes. If it has exploded during this period, light from 
the explosion won't have reached us yet, leaving us 
currently unaware of its catastrophic demise. 

Throughout its life, a star is in a constant balance 
between gravity pulling inwards and the outwards 
pressure of the energy being generated at its core. 
This energy is the by-product of nuclear fusion, a 
process that converts hydrogen into helium. Things 
begin to change once a star has used up all of its 
hydrogen and is no longer propped up by fusion's 
energy, the star's core begins to collapse and its 
temperature rises. Eventually it becomes hot enough 
to begin fusing some of the helium into carbon. 
However, helium fusion creates more energy than 
the original hydrogen fusion. The delicate balance 
between energy and gravity is suddenly tipped in 
favour of the former and the star begins to bloat 
outward. This causes the star's heat to be spread over 
a much wider surface area, so to us the star appears 
cooler, hence its red colour. Stars like the Sun evolve 
into a red giant, but much more massive stars can 
become red supergiants like Betelgeuse. 

For red giants that's where the process stops, as the 
temperature can never get hot enough to start fusing 
carbon. Yet fusion continues in more massive stars 
like Betelgeuse, as onion-like layers of oxygen, neon, 
magnesium and silicon form with a final small layer 
of iron right at the centre. Iron cannot be fused into 
anything heavier and so the star runs out of ways to 
resist the pull of gravity. The material in the envelope 
surrounding the core rapidly collapses in at over 
30,000 kilometres (18,641 miles) per second. As it 
rebounds off the solid core it triggers a thermonuclear 
explosion called a supernova. 10 billion-times more 
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energy than the Sun kicks out in a year is released 
in a matter of seconds, meaning a supernova can 
temporarily shine as bright as all the stars in a galaxy. 

So when Betelgeuse does finally explode, which 
could be any time in the next hundred thousand 
years or so, it will put on the grandest of shows. 
Being over ten-times closer to us than the 1054 
explosion, it will appear over 100-times brighter. 

At night it will outshine the Moon, it will easily 

be visible during the day and it is likely to hang 
around for a couple of months before fading away. 
Yet supernovae aren't just spectacular, they can 
also be lethal. They can release very high levels of 
radiation that is capable of destroying large swathes 
of the ozone layer. Without this protective shield 
we'd be more susceptible to the harmful radiation 
coming from our own Sun. Electrons that have been 
ripped from atoms in the atmosphere would also 
excite other nearby molecules, creating a cascade of 
ultraviolet radiation, the same radiation that causes 
diseases like skin cancer. Plants will be hit hardest, 
knocking out much of the bottom rung of the food 
chain with disastrous consequences. 

Keen to find out how close a supernova has to be 
to Earth to pose any serious threat, researchers have 
been modelling the scenario. What they've found is 
reassuring. A supernova would have to be 20-times 
closer than Betelgeuse to be a cause for concern, so 
its eventual explosion is likely to be a splendid, but 
Safe affair. In fact, there are no stars currently set 
to go supernova that are close enough to worry us. 
Further comfort can be had in the knowledge that 
Betelgeuse's axis is also pointing the wrong way to 
hit us with a significant burst of gamma ray radiation. 

So we're left anticipating what would be the 
greatest astronomical sight in human history. It 
could have already happened and the light from the 
explosion is currently speeding toward us. Until then, 
astronomers keep an eye on the distinctive red star 
in the hope its demise happens in their lifetime. @ 


Betelgeuse is around 
500 times bigger and 
100,000-times brighter 
than our Sun 


Where is 
Betelgeuse? 


OL Find the constellation of Orion 

This is probably the most famous constellation 

in the night sky, although it isn't visible all year 
round. Best seen in the winter months, it is due 
south in the northern hemisphere (north in 

the southern hemisphere) around midnight on 

Christmas Day. 


ory Find Orion's Belt 
Snmaatoment(elellcmeymantcmeoyeliccliclaleyemolemnsllmatatel 
three stars: Alnitak, Alnilam and Mintaka, all 
lined up in a row. This is Orion's Belt. 


coy Find Betelgeuse 

In the northern hemisphere, move up from the 
belt and left until your eyes rest on the bright red 
star. In the southern hemisphere Orion appears 
upside down, so move down and right. 





Interview Dream Chaser 
sk 


Dream Cnaser 


All About Space caught up with Mark Sirangelo, head 
of SNC's Space Systems, to find out more about the 
brand new space plane Dream Chaser - a smaller and 
more efficient version of the Space Shuttle 


Interviewed by Gemma Lavender 
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Mark Sirangelo 

Mark Sirangelo is president of 
Sierra Nevada Corporation's 
Space Systems, which 
produce satellites, space 
transportation vehicles and 
space sub-systems. 
Sirangelo holds Doctorate, 
MBA and Bachelor of 
Science degrees, has served 
as an officer in the US Military 
and is a licensed pilot. 
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Dream Chaser is going to be making trips to the 
International Space Station just like NASA's Space 
Shuttle. What are the differences between Dream 
Chaser and the Shuttle? 

Dream Chaser is a pilot-automated space plane that 

has many similarities to the Shuttle, although it is a bit 
smaller in terms of its overall size. Dream Chaser doesn't 
have that huge cargo compartment that the Shuttle did 
but in terms of practical pressurised space, it has about 
the same. So it can take up the same number of people 
and the same amount of protected cargo that was in the 
pressure hold of the Shuttle. Dream Chaser has the same 
sort of front half as the Shuttle, where all of the crew 
people were positioned along with the critical cargo they 
were transporting. 





Dream Chaser 





When we considered the design of Dream Chaser 
and in our course of discovery, we found that there was 
a former NASA prototype vehicle that was designed in 
the 1980s and 1990s to do pretty much exactly what 
we wanted: to be a crew vehicle to the space station. 
This was a piloted or unpiloted plane that could be sent 
up to the ISS and stay up there in case there was an 
emergency, so that the crews can come back home. That 
design went very far and they did about ten years worth 
of work on it. Because of many reasons, they stopped and 
we actually went in and took it over from NASA. That has 
led to what we now know as the Dream Chaser. 


Will Dream Chaser use the same launch pads as 
the Space Shuttle? 
Tt will launch from Florida, although it won't be from the 
same launch pad but from the same launch complex. 
Dream Chaser is different in that we have the capability 
of launching on several different kinds of rocket. Its 
primary rocket is an American rocket called the Atlas V. 
I was just in Paris a few days ago where we were 
announcing the expansion of our relationship in Europe 
and we can now launch on an Ariane 5, or in the future, 
the Ariane 6 when it gets developed. We also will have 
the capability of launching on a Japanese rocket and 
potentially other rockets as well. We call Dream Chaser 
rocket agnostic, as it isn't tied to one launch complex or 
one rocket. So the nominal mission would launch from 
Florida and it can return back to any runway, including 
any commercial runway that an Airbus A320 could 
land on. The interesting thing is that we can have the 
launch, say from Florida, California or potentially Japan 
but we can come home anywhere in the world, which is 
different. That's something that has never been available 
to the world. 


When the passengers are on board Dream Chaser, 
what will they feel? 

It's a fairly benign ride. With the launch, there will 
obviously be a certain amount of pressure and activity. 
That's common to any vehicle, be it a space plane or a 
capsule. Dream Chaser is being updated to the latest 
technology and its seats are specifically designed to be 
able to handle those forces with its all new design on the 
inside. Passengers will feel anywhere from two to four 
minutes of an exciting ride to get to space because they 
will be sitting on top of a rocket. 

However, I think the interesting thing is coming home. 
It's quite a different experience. We'll have more room in 
the vehicles so it will feel less claustrophobic and you'll 
be sitting in a seat that looks very much like a first class 
seat in an airliner. Dream Chaser is reusable and there's 
never been a capsule in 60 years that has gone back up 
to space. They take so much stress coming back home 
in that it is virtually impossible in today’s understanding 
to send them back up. We haven't even sent up a cargo 
capsule yet to be reused let alone a capsule for humans 
to be reused. And that’s because when they come home, 
they typically come home to a force level that can be 
six, seven or eight Gs and that’s quite significant. The 
G-force is a force of gravity, so if 1 weigh 200 pounds [90 
kilograms] at six G, it'll feel like I'm six-times my body 
weight. That's very disabling for most people. And then 
youre typically coming home to land in an ocean far 
away from home, in the middle of a desert, or in the 
centre of Russia, places like that. You hit the ground fairly 
hard no matter what you do to stop it. 
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Dream Chaser can land 
on any runway that a 
commercial aircraft could 
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"That's the type of force that you————— 
might get on a roller coaster or if 


youre a skier on a ski run" 


With Dream Chaser it’s different. We come home at 
less than two Gs. About 1.6Gs, which is about 25 per cent 
of a typical capsule. And that's the type of force that you 
might get on a roller coaster or if youTe a skier on a ski 
run, making it far easier for everybody. The craft will land 
on arunway and because our vehicle has no hazardous 
materials on board, you can virtually walk off of the 
vehicle as soon as it lands and stops. And youre landing 
on arunway, potentially in Florida, Germany, Spain or 
England. And that brings you home and back to the 
place where you want to be. You're landing in a typical 
environment, where if you need any medical attention 
or need to go to hospital, youre not hours or days away. 
So it's a very, very different environment in terms of 


Just as NASA's Space Shuttle assisted with 
the repair of the Hubble Space Telescope, it 
is intended to use Dream Chaser to maintain 
satellites and spacecraft within reach 
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returning home. Not just for the people, but for all of the 
cargo that we bring back too. We do a lot of sensitive 
experimentation on the ISS and these experiments don't 
want to be back out of that force, they don't want to be 
out of their refrigerators or out of their environment for 
many hours. The faster we get them home, the less stress 
we put on them and the faster they get to the scientists, 
the much more valuable that research is. 


The Dream Chaser is reusable. Does that mean 
that there will only be one? 

We're actually expecting to have a fleet. I get asked how 
many all the time and the answer is: it depends on how 
much business we have. We can make as many as our 





missions need. It is reusable so that we can fly one while 
we'e getting the next one ready to fly again and that's 
typically what would happen if we had two vehicles 

for every big mission or big client. It's made from all 
composites, which means that it makes it much easier for 
us to build more if we need to. Making composites is kind 
of like making a cake. You spend a lot of money putting 
in for making the mould for the cake and from the same 
mould you can make more. This is what it is for us. They 
look like moulds where you layer in the structure of 

the vehicle and those are the most expensive things to 
do - for them to last for a long time, you have to be very 
precise. Once you have invested in that, the ability to 
make more vehicles is - or more cakes as my reference 

is - alot simpler. 


What will the spacesuits be like? 

They will be like what a pilot would wear in a 
performance jet. It's not a pressure suit but far more 
flexible. The passengers only really need to wear that at 
the beginning and end of the trip. In the middle you'll 
be able to take your helmet off and breathe and walk 
around. You wear the suits on entry into space and 
re-entry into Earth when pressures are the greatest. You 
want to have people protected as much as possible. 
They've not clunky pieces that you would have seen on 
the Moon landings. 


How have the test flights gone? 
We have built three vehicle structures so far and one is 
now flying a test programme. Not many people know 
this but the first shuttle called Enterprise was built to 
test the Space Shuttle design and see if it would work. 
It wasn't really meant to go into space. It was built more 
like an aeroplane to look at how it intends to land and 
fly. We're taking the same path with our design and 
the vehicle's job is to go out and to make sure that 
everything we need to know a is proper and correct. 
While we're doing that, we've actually started to 
build the first orbital vehicle and we have partnered 
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with Lockheed Martin to do that build. The primary 
structure is about to be completed and we're moving 
forward on making that happen. It will be the first 
vehicle put into orbit, hopefully in 2018. 


Could you tell us more about the other missions 
Dream Chaser will be capable of alongside 
making trips to and from the ISS? 

What the design of the vehicle is really meant to do is 
several other major things, other than going back and 
forth to the space station. The first is that it can act as a 
repair vehicle. So we can go out to existing satellites and 
move anything that's in the wrong place or potentially 
upgrade them. So it becomes a useful vehicle that way 

- similar to the way that the Space Shuttle fixed the 
Hubble Space Telescope. We will be able to do the same 
type of thing. In fact, Dream Chaser will be able to reach 
the Hubble if it wanted to. 

Interestingly, it has another really important aspect, 
to reduce the amount of debris in orbit. Debris happens, 
it's very bad for those of us who work up in space and 
it happens because things go wrong with satellites. 
They sometimes lose their power and then collide 
with another satellite and, all of a sudden, we've got 
hundreds of little pieces moving at 20,000 kilometres 
per hour [12,427 miles per hour]. This creates a really 
bad environment. We can't necessarily fix all of the 
debris that’s up there but we can stop it from being more 
polluted, making sure that those satellites that are not 
working get moved out of orbit so that they don’t cause 
future problems. 

That's one basket. The second is that it can act as a 
construction vehicle. It was the Shuttle that built the ISS 
and if we keep the space station operational, it is going to 
need to be upgraded, repaired and extended and we feel 
that we can help to do that as well as help to construct 
the next space station. If we ever go beyond Earth, we're 
probably not going to be launching all that’s necessary 
to go to Mars from the ground, since it will take a large 
rocket to do that. Instead, we're probably going to launch 
pieces, assemble them in low-earth orbit and send it on 
its way to wherever it's going. To do that, we're going to 
need a vehicle that’s going to be able to help. 

The third big mission is that we can act as a big 
independent laboratory in space. While the ISS is a 
great laboratory, it is limited and you can't get all of the 
things that you want to on there, but we have about 
as much room in our vehicle to create a laboratory. 

We can also fly and stay in orbit without crew for well 
over a year. The really interesting thing about doing 
this is that not only can we do the science, but we can 
also fly it home. In effect, you've got this self-contained 
laboratory with dedicated equipment that goes up into 
space, does what it needs to do for a period of time and 
the whole laboratory flies home where you can take 
the experiments off and upgrade the equipment before 
sending it back up again. And that’s not something that 
we can do on the space station right now. 


Do you think Dream Chaser could be used for 
space tourism in the future? 

Yes, we certainly can use it for that. We own the vehicle 
and we can use it for any purposes that we think are 
right. It is capable of doing promotional missions. Virgin 
[Galactic] is going after the pure tourism, which is 
something we can do, but right now we're focussed on 
the scientific and research aspects. @ 
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The new space plane will assist . 
with reducing the amount of 
debris in orbit around Earth 
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The Dream Chaser 
cockpit flight simulator 








The private space plane will 
assist with ferrying crew to 
and from the ISS as well as 
scientific experiments 









Focus on J'wins space experiment 


Twins spe 
exper 


Scott Kelly is separated f ron 
Mark, as NASA sends one Of 
the ISS in the name of scien 


Last year NASA embarked on an unprecedented 
experiment in its Human Research Program: to send 
one individual from a pair of twins into space for an 
entire year. Its aim is to study the effect of long-term 
space flight on the human body and to see if the 
twins are as identical as they were before the mission 
is completed. More importantly, observations will be 
made to see if any changes are a direct result of one — 
of the twins spending 365 days aboard the ISS. 

NASA is lucky enough to have had identical twin 
brothers, Scott and Mark Kelly, both on its payroll. So 
while retired (but willing participant) astronaut Mark 
Kelly remains on Earth as a genetically identical _ 
control, Scott Kelly will be orbiting the Earth at 
27,000 kilometres (16,780 miles) per hour, at around © 
400 kilometres (250 miles) altitude until March 2016. 

Technically, according to Einstein's theory of 
relativity, Scott Kelly will return to Earth a few 
milliseconds younger than his brother, although 
the Human Research Program will be using the 
experiment to help understand more biological 
processes aboard the ISS. Like, for example, why the 
human immune system isn't as strong in space a: 
is on Earth. @ 
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Identical twin astronauts Mark (left) and 
Scott Kelly (right), at the Johnson Space 
Center in Houston, Texas 
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the National Space Centre 
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Sophie Allan 
| National Space Academy 


Education Officer 


@ 
i Sophie studied 
Astrophysics at ered | i ’ eC Pe | 
university. She has 


aspecial interest in 


co MWelgy raha hyve 


Jon Terrance 

National Space Centre NASA has not designed a warp drive and it does not plan 
M@ Zoeholdsa to in the future. In fact, the idea of a warp drive is still, 
Master's degree in in scientific terms, at a level of speculation rather than 
Tyree a ee ees true science. The main issue with this technology is that 
and loves the topic a é 

of space asit unites nearly all of the scientific knowledge we have acquired 
different disciplines. suggests that faster-than-light travel is impossible. 

One scientist, Miguel Alcubierre, suggested a model a for 
warp drive in 1994 that involved compressing space in 
front of the object, rather than making the object travel 
Education Team faster than the speed of light. However, subsequent 
Presenter calculations proved that a vessel would require negative 


Mi Havingearneda mass in order for this to be possible! SA 
Master's in Physics and 


Astrophysics, Josh _ Se oe sl 


ntinues to pursue hi 
soe ie a as 
National Space Centre. 
Does Pluto have 
a core? 
elected as a fellow of ' | Brandon Clews 
the Royal Astronomical a 
Society andis akeen vy . Ser We believe so. It’s thought that Pluto most likely 
| . ee has a rocky core surrounded by a shell of water 
and nitrogen ice. Planetary scientists have been 
able to measure the dwarf planet's density using 
the Hubble Space Telescope to work out this 
world's makeup and we currently understand 
Pluto's internal composition to be roughly 70 per 
cent rock and 30 per cent ice. Around Pluto is a 
thin atmosphere made up of nitrogen, methane 
and carbon monoxide gases. 
NASA spacecraft New Horizons is currently 


J iticop cman toyersdslmce) making its way to the dwarf planet and is 
have arocky core scheduled to reach it in July 2015. GL 





Gemma Lavender 
Senior staff writer 
i Gemmahas been 


Stargazer and telescope 
enthusiast on All About 
Space magazine. 
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NASA hasn't designed 
a warp drive and is not 
looking to in the near future 








You would struggle to see any detail on the 
Solar System's moons such as Io (pictured) 
with a standard telescope 


S 


Can I see detail on 
- other moons in 
the Solar System? 


| | Jamie Bran 


It’s very difficult to see any detail on the 


ie aa ai surface of other moons and planets in our 
y Solar System without a very large telescope. 
| . For people just breaking into stargazing, it's 
| , mm often recommended that they purchase a 
} pair of good binoculars since they are often 
.f cheaper than telescopes and can be used to 
see many objects. 
A good set of binoculars will allow you to 
4 find the four largest moons of Jupiter and 
| some report that the largest moon of Saturn 
| is viewable. With this setup the moons 
will simply appear as bright points of light, 
similar to stars. To increase the quality of 
| your observations, an upgrade to a telescope 








has to be made. For advice on telescopes, 
local astronomy groups can prove to be 

invaluable, often letting you try out theirs 
and assisting you with getting started. JB 








~~. What makes 
__~ *hypervelocity stars 


ba 


tia? > > Se Ty 
~~~ move so fast? 
a » re a ~~ - Luke Richardson . 
, ; ; . : 4s a “i ~~ ‘The exact origins of hypervelocity stars is unknown, 
, ee ry. but many existing theories suggest interaction 
. with gravitationally strong objects is the cause. It 
om >, is believed that a strong candidate for the origin of 
. these objects is binary star systems iriteracting with 
supermassive black holes in, the centre of distant 
galaxies from ours. | 
As the binary system falls toward the black hole it 
t < : is believed that one of the stars will be captured by 
. the black hole and the other will be split from the 
system, retaining the high velocity gained. Other 
theories suggest companion stars can be ejected 
Supernova explosions could be following supernova explosions in binary systems. 
responsible for ejecting stars to . a» i - Many ofthese theories fit with current observations 
hypervelocity speeds out of a galaxy S _* but further research needs to be done. ZB 
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It is the composition 
of a planet that 
decides its colour 


{DEEP SPACE 


Why are neutron 
stars so heavy? 


Jonathan Fox 
Neutron stars are created when a star 
around eight to ten times the mass of 
our Sun runs out of fuel. The outward 
pressure generated by fusion reduces 
rapidly, allowing gravity to pull the star 
in on itself and trigger a supernova, 
where the outer layers of a star's 
atmosphere get blown into space. 

The remaining matter continues 
to collapse under gravity, forcing 
electrons and protons to be squashed 
together and become neutrons. The 
neutron star will have less mass than 
its parent star (typically about 1.4-times 
the mass of the Sun), but this mass 
will be confined by gravity to a region 
of approximately 20 kilometres (12 
miles) across, leading to an incredibly 
dense object. It is this density (a 
teaspoon full of neutron star would 
have a mass of about a billion tons) 
that truly defines a neutron star. ZB 








A neutron star, pictured here next to 
Manhattan, New York, for scale, are 
highly dense objects 


| 
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| .@. SOLAR SYSTEM | 


Why.are all the planets different 
colours if they formed at the same time? 


David Honey 

The colour of a planet is decided by 
what the surface and atmosphere are 
made of and how light reflects and 
interacts with a planet's atmosphere. 
Mercury, for example, has virtually 
no atmosphere, so the grey colour 


Photons we see in the cosmic 
microwave background 

were made in the first 
minute of the 

universe's 

history 


we see comes from light reflected 
directly from its surface. Jupiter has 

an atmosphere containing hydrogen 
and helium, with small amounts of 
water, ice crystals, ammonia crystals 
and other elements. These create the 
clouds of white, orange, brown and red. 


While the planets formed at the 
Same time (and planetary formation 
is a complicated process), lighter 
elements were blown outward by 
strong solar winds, allowing each 
planet to be chemically different from 
the next. SA 
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Where did the first particles of light come from? 


John Barnes 

Because the early universe was hot 
and dense, there was a lot of energy. 
Meaning that pairs of particles 

crashed into each other to the point of 
destruction. As particles destroy each 
other, we get packets of pure energy, or 
particles of light known as photons. 


As the universe grew older, it 
expanded, the temperature fell and 
the last particles and antiparticles 
destroyed each other, leaving us with 
about a billion photons for each and 


every particle of matter. We are now left 


with the universe that we see in our 
telescopes today. 


® 





The energetic photons in the 
cosmic microwave background were 
made in the first minute or so of the 
universe's eventful history, cooling 
with the expansion of the universe, it 
is now at a rather chilly temperature 
of approximately -270 degrees Celsius 
(-454 degrees Fahrenheit). GL 








an | 
é You could be waiting forhalf | 
an hourfora Google search | 
resulton Mars | 
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Is 1t possible 
to have the 
internet on 
Mars? 


Lucy Goldsmith 
With enough servers and computers 


on Mars, you could certainly have an 


intranet, an in-situ internal network. 


However having access to the internet in 
the same way that Earth bound humans 


~ have is another matter. 


Mars inhabitants would be able to 


communicate with Earth regularly. 


However, it would take far too much 


| data to constantly update an ‘on Mars’ 
- version of the internet. As a result, any 


internet search requests would have to 


| be transmitted to Earth and the data 


then transmitted back. So you could use 


| asearch engine, but due to the distances 


Janet Lawrence 

Light pollution filters reduce sky glow 

by only allowing particular wavelengths 

of light through them. Light emitted by 
street lamps, such as high-pressure sodium 
streetlights are rejected, allowing you to see 
more targets in the night sky. 


How do light 
pollution 
filters work? 
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involved you would be waiting up to 30 
minutes for your results! SA 


Light pollution is a 
problem for astronomers 





he —_ 
| q 
mit Potter all 


You should remember that these filters 
would not solve the problem of light 
pollution, especially in very well-lit areas. 
They are only really capable of reducing it 
and even then, you may not be able to see 
faint and diffuse objects such as galaxies 
without a high-quality telecope. GL 
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Quick-fire 
questions 


@spaceanswers 


What was the first 
spacecraft to land on the 
Moon's surface? 
Apollo 11, which landed on the 
Moon on 20 July 1969, was the 
first spacecraft to touch down 
on our lunar companion. Neil 
Armstrong and Buzz Aldrin were 
the first men on the Moon. 


Who first discovered 

the Sun? 
This is a difficult question to 
answer since the Sun has always 
been in Earth's daytime sky 
before humans began to evolve. 
Whoever were the first people 
would have always been aware of 
the Sun. 


How long does it take a 

shuttle to reach space? 
It takes a shuttle around eight 
minutes to reach space and it 
will be in orbit of the Earth after 
roughly ten minutes. 







What is infrared light? 
This is the light emitted by 
objects that have a temperature 
above absolute zero, about -273°C 
(-459°F). Our eyes cannot detect 
this light. 


What is the brightest 

planet in the night sky? 
Varying in brightness between 
magnitudes of -4.6 and -3.7, Venus 
is the brightest planet in Earth's 
night sky. 


What exactly is an 

astronomical unit? 
Astronomers use the astronomical 
unit, AU for short, to measure long 
distances across the universe. 
One AU is the average distance 
between the Sun and Earth - just 
shy of 150mn km (93.2mn mi). 


Which country was 
the first to launch a 
satellite? 
Russia was the first on 4 
October 1957, when Sputnik 1 
was launched from the famous 
Baikonur Cosmodrome. 














Quick-fire 
uestions 


~ @spaceanswers 






How many stars are in 
the Milky Way? 

There are around 300 billion stars 

in our galaxy, the Milky Way. The 

Andromeda galaxy has roughly 1 

trillion stars. 


© How old is the universe? 
According to data from ESA's 
Planck mission, it's estimated that 
the universe is around 13.8 billion 
years old. 


“~ How old do you have to 
be to fly in space? 

There is no minimum age to 

become an astronaut, but you 

must either be educated to at least 

degree level or have extensive 

flying experience. 


Can I see the galaxy 
Centaurus A from Earth? 

Being the fifth brightest galaxy 

in the sky at a magnitude of 

+6.84, Centaurus A is quite easily 

visible to amateur astronomers 

at low northern latitudes and the 

southern hemisphere. 


“ What are the most 
commonly found stars in 
the universe? 

While stars that litter the universe 

come in all shapes and sizes, red 

dwarfs are the most common. 

They are small, red and cool stars 

that weigh in at up to 50 per cent 

the mass of our Sun. 


How many moons does 
Neptune have? 

The ice giant Neptune has 14 

confirmed moons that we know 

of. There is certainly a possibility 

that we could discover more. 


. What is in the middle of 
a black hole? 
We don't have the tools to answer 
this question yet. What we do 
know is that a dying massive 
star that continues to collapse 
into a small point known as a 
singularity makes a black hole. 









_#esoansriy 
Could Jupiter get 
a new red spot? — 


Sarah Jones 

The Great Red Spot on Jupiter is actually a 
huge storm that has been raging for at least 
350 years. As a result of Jupiter's ongoing 
tumultuous weather it is possible that 

more of these storms will pop up. Study of 
Jupiter has revealed a great many storms 
and vortices across its surface, though none 
as large as the Great Red Spot. While we see 
storms form and change regularly, the exact 
origin of the Great Red Spot is unknown. 
Though its existence proves that storms of —. . 
this size can form, we are unsure if we will 

see another of this size appear. The Great 

Red Spot continues to be investigated as we 

attempt to unravel its mystery. JB 





The prisms found — 
in binoculars are 
vital for good views 
of the night sky 


i. ASTRONOMY 


Why do binoculars 
need prisms? 

John Burns 

The prisms in a set of binoculars 
are vital for image correction and 

| keeping the binoculars small 
enough to be hand-held. When 
light passes through the objective 
lens of a pair of binoculars, the 

- image is inverted. For some 
viewing applications this wouldn't 
be an issue but for many this 

is a problem. In order to rectify 
this, complex lens arrangements 
can be used to correct it. These 
can often make the instrument 
longer and trickier to handle. In 
binoculars prisms are used to 
make the correction. The prisms 
also serve to reduce the size of the 
binoculars. This is a result of their 
path bending qualities, as the light's 
path curls through the prisms, the 
length of the instrument is reduced 
making it easier to handle. JB 





S 
Could Venus ever lose its atmosphere? 


James Braun 

No, this could never happen. In order for 
Venus to let go of its thick carbon dioxide 
atmosphere, the planet would need to be 
cooled down. As you can imagine, being 
an average distance of only 108 million 
kilometres (67 million miles) from us, 
Venus would need to be put in the shade 
in order for the atmosphere to deplete. 


If we were able to build a massive 
Shield to stop any sunlight from reaching 
Venus, then the temperature, which is 
a sweltering 462 degrees Celsius (864 
degrees Fahrenheit), would dramatically 
plummet. What would happen next is 
that the carbon dioxide would freeze out 
of the atmosphere and pile up on the 
planet's surface. GL 


Questions to... @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 
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. On nthe Iritematignal Space 


how are astronauts 
time travellers? 


hour, the effect is actually quite small 
but by ramping up the velocity, this 
effect means that we might be able 

to travel thousands of years into the 
future. However, until we can actually 
find a vessel and counteract the effects 
that travelling at high speeds would 
have on our bodies, this is merely 
science fiction. GL 


Theo Brown 
Due to Einstein's theory of special 
relativity, astronauts orbiting our planet, 
namely those on the International 
Space Station (ISS), experience time 
more slowly than us on Earth. 

It's true that at the speed these 
astronauts travel, which is roughly 
27,600 kilometres (17150 miles) per 


We were made from the = 
elements caused by a ‘ ‘ 
supemova explosion a 


[ -@ SOLARSYSTEM] =,» 


How many Earth-like planets can 
material from a supernova make? 


It's been known for a very long 
time that supernovae eject enormous 
amounts of material containing 
elements such as calcium, which can 
be found in our teeth and the iron in 
our blood, as well as the material that 
builds planetary systems and their 
stars. As astronomer Carl Sagan once 
said: “we are made of star stuff”. GL 


Shaun Parker 

It really depends on how much dust 
(containing the right ingredients) the 
supernova contains. Quite recently, 
observations of supernova remnant 
Sagittarius A East revealed that this 
stellar explosion, which occurred 
10,000 years ago, has enough dust to 
make around 7,000 Earths. 
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Station, the astronauts are. « 

bell experiencing time more ** ‘ 

~*~, slowly than.Us on Earthue® » 
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Learn how life formed | : a 
out of these bright lights ar 
in the nightsky. - a 
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a Explore the fire and ice-spewing 
= _ worlds of our Solar System 


INSIDE A 
SPACE AGENCY 


mm Take a tour behind the scenes at 
| the new addition to ESA 


WHAT IF THE 
MOON EXPLODED? 


All About Space explains 20 
of the coolest and most radical 
Space scenarios : 
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28 May 
2015 
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74 Observer's 
guide to Saturn 


' How you can see the Jewel 
of the Solar System tonight 








310) Spring 
galaxy tour 
This season's must-see 
galactic extravaganza 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


636 What's in 688 Me and my 
the sky? telescope 

tele masliswenlonieeksmelecis All About Space readers’ 
night sky objects best astrophotography shots 


guide lo Satum 4 fy : 


Take advantage of the ringed gas giant's 
spectacular viewing opportunities this spring 


Opposition 

This is when a planet is directly 
opposite the Sun in our skies. 
This means that the planet is 
visible all night long. 


Seeliger effect 

Saturn's rings appear brighter 
during opposition due to the 
positions of the rings, the 
planet, the Earth and the Sun. 





Aperture 

The diameter of the main lens 
or mirror of your telescope. 
Larger apertures Mean more 
light collected and a better view. 


9? Astronomy 

kit reviews 

The latest astronomy gear and 
telescopes under the spotlight 


www.spaceanswers.com 


STARGAZER 
Observer's guide to Saturn 





A good amateur telescope 
can resolve an appreciable 
level of Saturn's detail 


ad 
a 
2 ln — i = = iii; a 


y, 
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| Checklist for 


observing 
Saturn 


Telescope of 3in (75mm) aperture 
and above 


Selection of eyepieces to give a 
range of magnifications 


Coloured filters - a variety of these 
will help distinguish the various 
features on the planet 


Finder chart - this chart will help 
you locate the planet 


Clear southern horizon - make sure 
you have a reasonably clear horizon 
as Saturn is quite low down from 
the northern hemisphere 


Weapons be !H 
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Hercules 


How to find Saturn 


Scutum 


Serpens 
Cauda 


Sagittarius 


Ol During May, Saturn can be found in the 
constellation of Libra the scales. The best time to 
see it is at 12am BST (12am UTC) on 23 May, looking 
toward the south. 


Ophiuchus 


Bootes 


Serpens 


Caput 


aii 
nad, 
et 


03 Libra 


Scorpius 


Oy, 


02 Look low down near the horizon to see if you can 
spot three bright stars running in a line from north to 
south. These are the stars that make up the claws of 
Scorpius the scorpion. 


Saturn is without a doubt 
one of the most beautiful 
planets in our Solar System. 
This is largely due to its 
famous and fascinating 
rings. It is one of the most 
popular targets to view 

with a telescope for amateur 

astronomers the world over. So 
when is the best time to observe 
this wonder of the Solar System and what 
do we need to view it? 

This May, Saturn will be at opposition. This 
occurs in the early hours of 23 May and is 
when the planet is directly opposite the Sun 

in our sky. It is also when we are closest to 
it in our relative orbits around the Sun. A 
planet's opposition is therefore the best time 
to observe it, as it is visible all night and will 
be at its largest and brightest for us. Even 
though Saturn is reasonably bright and can 
be spotted with the naked eye, it looks like a 
slightly yellowish star, as its vast distance from 
us, 1.2 billion kilometres (746 million miles) 


Virgo 


Ol 


12am BST (12am UTC) 


03 If you look a little to the north and to the right of 
the northern-most of these three stars you will find 
an even brighter, yellowish star that doesn't twinkle 
at all. You've found Saturn! 


away, means that you will need a telescope to see it 
as anything more than just a bright star. 

During opposition, an interesting phenomenon 
known as the Seeliger effect occurs. This is where 
the rings appear to become brighter than when 
the planet is seen at any other time. This is largely 
because the Saturnian ring system is mostly made 
of ice crystals and the angle at which the Sun 
(directly behind the observer) is illuminating them. 
A telescope of any size should show this effect, 
although larger apertures will allow it to be more 
noticeable. Photography can be a good way of 
appreciating the effect too. If you take an image a 
day or two before opposition, then during opposition 
itself and then again a day or two after, the 
brightening of the rings should be clearly visible. 

There are a number of ways you can view Saturn. 
The naked eye shows it as a moderately bright star. 

Without any optical aid at all, you can witness and 
enjoy such events as conjunctions, where Saturn 
seems to lie close to other planets or the Moon in 
the night sky. On the night of 5 and 6 May, the Moon 
will be seen only two degrees away from the ringed 
planet. The closest approach occurs at 3.54pm UT 


www.spaceanswers.com 





~ The ringed giant's path ~ 


(same as GMT) and will be visible from the southern 
hemisphere only. However, the Moon will still look 
quite close to Saturn when they rise in the south-east 
at around 1lpm UT in the northern hemisphere. 
You can also watch the occasional occultation 
of Saturn by the Moon using binoculars or a small 
telescope. This is where our Moon seems to pass 
in front of (occult) the planet. Saturn will be seen 
to disappear behind the Moon, only to pop back 
out again at a later time. This doesn't happen very 
often and the next such event won't take place 
until 2018, so it is well worth keeping an eye on the 
astronomical press for information and warning of 
when this type of event might take place. 
Binoculars of almost any size will reveal Saturn's 
non-stellar nature. In other words it becomes 
obvious that it is not just a star, but something with 
an appreciable disc, even if the binoculars are not 
powerful enough to show its ring system. They 
will, on the other hand, show Saturn's bright moon 
Titan. Titan orbits around Saturn in just over 15 
days and you can follow this using binoculars or a 
small telescope. You can mark its position nightly 
by drawing a simple outline of Saturn in the middle 
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Observer's guide to Saturn, 


Saturn in Scorpius @ 
In April, Saturn was in 
Scorpius heading slowly 
toward the constellation of 
Libra, shining at an apparent 
narye4plidece(=Ke) mOMomViHa lM alals4 
tilt of 24.8 degrees. 


of a piece of paper and noting Titan's position each 
time you observe it. It's quite fun to do this and helps 
to show the orbit of this fascinating world around 

its host planet. Titan is roughly 50 per cent larger 
than our own Moon and has a thick atmosphere of 
methane, which shrouds its surface from our view. 

If you would like to get a good view of Saturn in all 
its glory and especially the ring system, you are going 
to need a telescope. A refractor with an aperture of 
75 millimetres (three inches), or a reflector with an 
aperture of around 150 millimetres (six inches) is a 
good starting point to be able to give you a decent 
image of this distant world. 

Saturn does have cloud belts, much like the larger 
planet of Jupiter. However, these cloud belts are 
much more subtle than Jupiter's and can be a little 
harder to spot. From time to time, storms have been 
spotted raging in the Saturnian atmosphere, often 
first detected by amateur astronomers. Without a 
doubt it is the famous rings that draw the eye. Even 
a small telescope will show these, but there is a lot 
more detail available to larger instruments. Saturn 
is one of the few astronomical bodies that benefits 
from significant magnification, in the region of 80x 
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On 23 May, Saturn is in 
opposition in the constellation 
of Libra. It is now brighter at an 
apparent magnitude of 0.23 and 
aring tilt of 24.4 degrees. 


ee Hi EL” i eel vee ee 


Saturn past opposition ® 
Now nine days past 
opposition, Saturn has faded 
slightly to magnitude 0.27 
and the rings are now tilted 
slightly less at 24.25 degrees. 


A good beginner's 
telescope will easily 
resolve Saturn's rings 


to 150x. One of the first things you'll notice on a clear 
steady night with even the lower power is a dark 
gap in the Saturnian rings. This is called the Cassini 
division, named after the Italian astronomer who first 
discovered it in 1675. The division is 4,800 kilometres 
(2,983 miles) wide and separates the rings into two 
bands: A and B. There are other distinct rings labelled 
C, D and so on, but these are difficult to make out 
with amateur equipment. There is one other division 
in the ring system that can be seen using amateur 
equipment, but it will need a larger telescope to 
resolve. This is called the Encke gap, which lies inside 
the A ring and is 325 kilometres (202 miles) wide. 
Saturn's rings are usually tilted either toward us 
or away from us depending on how both Saturn and 
the Earth are aligned in their respective orbits. The 
cycle of the axial tilt of the rings lasts approximately 
30 years, moving from an angle of 27 degrees open, 
then through what is known as a ring plane crossing 
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Following Saturn's moons 


ica 
Enceladus 
. , lethys 
Dione ”Mimas 
Rhea 
ESRI oE Rae ee etn heaton Nleet ak rel iS ee svn 
itn Enceladus _Mimas iss 
F Tethys 
Tethys Enceladus = 
"Titan orbits Saturn in just 
AOE Ie Bosiies over 15 days and you can 
follow this using binoculars" 
Rhea 


and on to the rings, tilted once again at 27 degrees. 
But this time they tilt the opposite way, revealing 
the planet's southern hemisphere to us, so we see 
a ring plane crossing roughly every 15 years. At the 
point of the ring plane crossing, the rings seem, for a 
short while, to completely vanish. This is because the 
ring system is extremely thin, only a few kilometres 
thick, and as a result they are virtually impossible to 
see from Earth. At this time, Saturn's moons will be 
seen to line up with the planet's equator. Amateur 
telescopes should be able to show six of the moons 
quite clearly. The shadow the planet casts on its own 
ring system is another area to observe. This is easiest 
to see when the rings are tilted toward us and the 
shadow is not possible to see during opposition as 
the Sun is illuminating the planet directly. The rings 
also cast a shadow on the disc of the planet, but this 
can be quite hard to see in smaller telescopes. 
Coloured filters can be very helpful when visually 
observing Saturn. These are screwed into the 
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eyepiece before insertion into the telescope's focuser. 
They help to increase the contrast of the object you 
are observing and can also help to reduce the effects 
of light pollution if you live in a town or city. They 
are usually inexpensive and it's worthwhile having 

a selection of them to hand. You can of course 
experiment with different colours and see which 
features, if any, they help to show up. One of the most 
useful colours is blue, as this seems to increase the 
apparent brightness of the ring system as well as the 
cloud belts on the planet itself. A darker blue works 
well, especially for the rings and a violet filter can 
really bring up the detail. Orange is good for viewing 
the cloud belts and the polar regions, while a yellow- 
green filter can really show the Cassini division in 
the rings. 

Once you've seen Saturn through your telescope, 
you are probably going to want to take a picture of 
it. You can sometimes get a reasonable snap of it 
using a camera phone held over the eyepiece, but 
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holding this steady can prove difficult and you will 
need a driven telescope mount in order to keep the 
planet in the middle of the field of view as you try to 
photograph it. A better way is to use a DSLR camera 
fitted with an adaptor to marry it up to the telescope, 
rather than using the camera lens. You can also use a 
Barlow lens between the telescope and the camera to 
gain a greater magnification. 

Alternatively and probably the best way to 
get a really good image of the planet is to use a 
webcam adapted for telescopic use, or a dedicated 
astronomical video camera. Here the frames of video 
are combined or stacked in software designed to 
get the best possible contrast and detail and then 
processed to produce a fabulous image of the planet. 

The ringed planet will draw you back to it time 
and time again and whether you are viewing it with 
the naked eye or using a telescope, there is always 
something new to see or image. If any planet has the 
wow factor, it is most definitely Saturn. @ 


www.spaceanswers.com 





© NASA; Rochus Hess 


r 


ginfier's 


ide 


o Imaging Saturn 


fTry your hand atimaging Saturn with our simple guide 
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Use a star chart 

You'll need to get a feel for the orientation of 
the night sky before you start pointing your 
telescope at anything. Grab a star chart or take 
a look at our guide on page 86. 


Locating Saturn 

Make sure your telescope's equatorial mount is 
properly aligned with the north celestial pole 
and then swing your scope around to pinpoint 
the planet. 


Centring Saturn 

Make sure that you have centred Saturn in 
your finder scope and in the viewfinder if you 
are using a DSLR camera. Check your computer 
screen if you are using a webcam. 


Setting the exposure 

With a DSLR camera you will need to turn 
the settings dial to manual and the exposure 
length to the bulb setting. This will allow total 
control over the exposure time. 


Focussing the image 

You will need to use your telescope's focuser to 
obtain a sharp image of Saturn. Be very gentle 
and keep checking through the viewfinder or 
on the screen. 
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Take the shot 

In fact take several shots! If you are using a 
DSLR vary the length each exposure a little 
and see which looks the brightest and sharpest 
on the view screen. 


Video frames 

If you are using a webcam or similar, run the 
camera for several hundred frames. 600-800 
should work quite well. Don't forget to save the 
video file! 


Process the image 

If you have produced a video, you can 
process it in software designed to stack and 
manipulate each frame. Registax is one such 
piece of software and is free on the internet. 


Tweaking the image 
The final image from your DSLR or produced 


by Registax can be further enhanced in image- 


processing software such as Adobe Photoshop 
or GIMP, which is also free. 


Share it! 

Now you have your image, show it off! 

You can do this easily on social media and 
share it with your friends and family. They are 
sure to be impressed. 
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What you need 
J Telescope 


J Driven equatorial mount 

J DSLR camera or webcam 

A Telescope adaptor for camera 
A Barlow lens 


Remote shutter release or laptop 
with software 


_4 Image-processing software such as 
Registax, Photoshop or GIMP 

















Take a galactic excursion this spring with All About Space 


There was a time when we thought our Milky Way galaxy was 
all there is. When in the 18th century, astronomers like Charles 
Messier began spotting faint, fuzzy patches of light between 
the stars, it was thought they must be clouds within our own 
galaxy. The alternative didn't bear thinking about, that they 
were faint because they were incredibly far away, much further 
away than the astronomers of the day could reconcile with 
their idea of the scale of the universe. This belief was widely 
held right up until the early 20th century. Eventually, Edwin 
Hubble was able to show that these foggy smudges were 
indeed far away - many millions of light years from us, in fact. 

Fast-forward to the modern day and amateur-observing 
equipment has never been so cheap and accessible. This has 
brought these galaxies into the realm of the beginner, meaning 
you too can marvel at these far-off spectacles for yourself. 
What's more, spring is the best time to begin as the sky is 
littered with these cities of stars. 

This time of year is particularly favourable because Earth is 
positioned around the Sun, such that at night we are looking 
toward many distant galaxy clusters. Draw a triangle between 
the bright stars Spica (in Virgo), Arcturus (in Bodtes) and 
Regulus (in Leo) and many of the galaxies to look to fall within 
that space. A few others sit slightly higher around the famous 
stars of the Plough. Below we've set out a tour of 25 galaxies 


for you to find, starting near the Plough and ending up inside 
that triangle in the constellation of Virgo. 

First things first, you're never going to get as good a view 
as professional telescopes like Hubble. The distances of these 
galaxies mean that they are very faint and it is often hard 
to pick out detail unless you have more advanced imaging 
equipment. Nonetheless, many of these galaxies can be located 
using just a pair of binoculars. In some cases you'll need a 
small telescope. The bigger the aperture and the wider the 
telescope mirror, the better. Think of your telescope as a light 
bucket. The more light you can collect in your bucket, the 
more distant galaxies you can pick up. 

You can, however, employ some useful tips to boost your 
chances of seeing galaxies. The first trick is called averted 
vision. This is where you don't look directly at the galaxy but 
slightly off to the side. This lets the light into the parts of your 
eye that are more sensitive to dim light. Another useful tip 
is to try tapping the tube of your telescope slightly so that it 
vibrates just a little. This will cause the galaxy to wobble in the 
field of view, often making it easier to see. 

You should also be aware that galaxies aren't always spirals 
like our Milky Way and even then some spirals are seen edge- 
on so they aren't as bright or detailed. Check out our guide to 
the different varieties of galaxies below. 


What am I looking at? 


NGC 4622 in the 
Kexoyelsjcs)lelalesme@rsinieluiaers 


The Sombrero galaxy 


Face-on spiral 

This is the type of galaxy most 
people want to see. A city of 
stars with sweeping dust lanes 
angled directly toward us, 
primed and ready for viewing. 
If the spiral arms and dust 
lanes appear patchy they are 
called flocculent. 


Edge-on spiral 


From our fixed vantage point 


This means that instead of 
seeing the spiral arms, we are 


dust and they appear as thin, 


flat discs. It is like looking at 
the rim of a coin. 
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on Earth, we see them side-on. 


often looking straight into the 


Giant elliptical galaxy, 


The Andromeda galaxy ESO 325-G004: j 


Elliptical 


Not all galaxies are spiral, 


Intermediate spiral 

These spirals are between 
face-on and edge-on. We can 
see more of the spiral arms 
than we can with the latter but 
not as much as we can with 
the former. Our neighbour, the 
Andromeda galaxy, contains 1 
trillion stars. 


instead appearing as bright, 
rugby-ball shaped blobs. 
Unlike spirals, which rotate 


spin slowly. 


however. Elliptical galaxies are 
often devoid of any features, 


reasonably quickly, ellipticals 





NGC 5866 in the 
constellation IDelae) 


Lenticular 

Think of these unique galaxies 
as halfway between an 
elliptical and a spiral. While 
they are flat like a spiral, a 

lot of the their star formation 
has now completely ceased, 

so they no longer sport 
distinctive spiral arms. 
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M82 (Cigar galaxy) 
Constellation: Ursa Major 
Galaxy type: Starbust galaxy 
Minimum optical aid: 10x50 binoculars 


M82 is very close to M81 and it is less than a degree away. It may not be as bright 
as M81, but the two galaxies are thought to be pulling on each other with their 
gravity. It is thought this is the reason behind M82's starbust activity. In January 
2014, one of the nearest supernovae to Earth in decades, SN 2014J, went off here. 


M108 
Constellation: Ursa Major 
Galaxy type: Spiral 
Minimum optical aid: Small telescope 
Return to the four stars making the bucket of the Plough. 
The bottom right star is called Merak. Travel below but 
parallel to the line that would take you back to Phad on the 
opposite side of the bucket and soon you'll encounter this barred spiral galaxy. 
It is not as bright as the last two, so youll likely need a telescope rather than 
binoculars. This lack of brightness is partly due to the fact we are seeing it edge-on 
rather than face-on. 
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M81 (Bode's galaxy) 
Constellation: Ursa Major 
Galaxy type:’Spiral 
Minimum optical aid: 
Rice: 10x50 binoculars 


A good place for beginners to start is 
with the famous group of stars known 
as the Plough or Big Dipper. It forms 
part of the constellation.Ursa Major 
(the Great Bear). Locate the four stars 

. [id nkclmpantelicome] oma ntomm ole lelcalmmrcbale mance! 
take the bottom left staf (Phad) and 
the top right star (Dubhe). Now extend 
the line between them upwards until 
it has roughly doubled in length. You 
Js(olullelpaielem sfore(-k-m@c-It-bava@lenscenntss 
very close by. As it is quite big and 
bight, it shouldn't be too tricky to 
hunt down with a pair of binoculars. 


M109 
Constellation: Ursa Major 
Galaxy type: Spiral 
Minimum optical aid: 10x50 binoculars/small telescope 
Continue on that line heading toward Phad. Less than a 
degree beyond that star is the home of M109. It is toward 
the borderline of binoculars, so depending on your viewing 
conditions you might have to resort to a small telescope. It is a barred spiral galaxy 
located 83.5 million light years away from us. 


M101 (Pinwheel galaxy) 

Constellation: Ursa Major 
Galaxy type: Spiral 
Minimum optical aid: 10x50 binoculars 
Start from Phad and climb the left hand side of the bucket to reach Megrez. Now 
move along the stars, which comprise the handle of the Plough or the tail of 
the Great Bear until you reach the last two stars in the tail (Alkaid and Mizar). 
Locate the halfway point between them and draw a perpendicular line upwards, 


travelling about half of the original distance between Alkaid and Mizar. Here you'll 
find the stunning Pinwheel galaxy. It is also about 70 per cent larger than our own 
Milky Way galaxy and is seen face-on to reveal all its glory. 














Spring galaxy tour/'¥ 


Coma Berenices OE 


se M88 
ape at a poe Constellation: Coma Berenices 
a eee CRIED aimay sas) yicl 
—_— ae ae Minimum optical aid: Medium to 
large telescope 





From M100, move three degrees 
(about six Moon-widths) left toward 
the seventh magnitude star HIP 
60960. Less than a degree further 
on you'll encounter M88, a beautiful 
spiral galaxy. It sits about 60 million 
£ light years away from us and was the 
location of a supernova wat exploded 
6 in 1999. 





M100 


e ae 
Canes WWoiklate! Te | han ene tot Coma Berenices 


~) Minimum optical aid: 10x50 binoculars/ 
3) small telescope 


Find Chertan in Leo and then proceed toward 
Denebola, the tail star of the Lion. Then keep 
. going along the same line and leave the constellation of Leo. We 
are now entering a region crammed full of galaxies. There are 
many to see here, but we've picked out a few to note in particular. 
) The first, M100, sits pretty much equidistant between the faint 
le stars HIP 60672 and HIP 60210. 


a M106 
11 Constellation: Canes Venatici 
Galaxy type: Spiral 
Minimum optical aid: 10x50 binoculars 





Yo From M51, make a beeline toward the first 
. va i ae star in the hind legs of Ursa Major, the one 
= just below Phad. Before you get there you will 
come across M106. It is also not far from the mid-point of the line 
between Phad and Cor Caroli, which is the brightest star in Canes 
Venatici. Similar in size to the Andromeda galaxy, it is one of the 
largest galaxies close to us. 


1 M63 (Sunflower galaxy) 
‘ Constellation: Canes Venatici 

Galaxy type: Spiral 
Minimum optical aid: 10x50 binoculars 
From M106, head back down toward Cor 
Caroli. Then head up toward where you saw 
M51. About of a third of the way along this 

line and slightly left of it is the Sunflower galaxy. It is actually part 

of a group of galaxies called the M51 group. 


1 M94 
. oe ee ee Constellation: Canes Venatici 
Wiley MAYA ala ooye) ==] > 41) ae = Galaxy type: Spiral 
Constellation: Canies Venatici , ' Minimum optical aid: 10x50 binoculars 
Galaxy type: Spiral . * ; 
Minimum optical aid: 10550 binoculars - 





Head back to Cor Corali and trace the line 
toward Chara, the second brightest star in 
Find the tail of Ursa Major once again and You enter the small constellation of Ganes — Ml Canes Venatici. Just before you reach the 
Venatici (the Hunting Dogs). Beneath the star at the end of Ursa Major's tail (Alkaid) Pach: -point of that line, move off the line upward and at a right 
you'll find one of the most beautiful galaxies in the sky and the fixst.to be classified as angle. Here you'll find a galaxy, perhaps most notable for its double 
a spiral. It is actually two galaxies interacting with each other (M51 and NGC 5195). ring structure. We see it face-on, meaning it is fairly bright. 
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1 M95 
Constellation: Leo 


Galaxy type: Spiral 
Minimum optical aid: Small telescope 


This constellation is easily identified by the backward 
question mark shape that makes up his head and chest. Leo's 


| brightest star, Regulus, is the full stop at the base of the shape. 


Move from Regulus along the bottom of Leo's body toward the star Chertan. Just 
beneath the halfway point of that line is the spiral galaxy M95. 


1 M96 
Constellation: Leo 


Galaxy type: Spiral 

Minimum optical aid: Medium to large telescope 

This one can be tricky, even though it is only half a degree 
away from its companion M95. That's because it is an 
intermediate spiral, neither face-on or edge-on. It is tilted at 


about 53 degrees toward us. This means that in binoculars it is a very hard galaxy 
to track down. A telescope with an aperture above ten inches should do the trick. 


1 M105 
Constellation: Leo 


Galaxy type: Elliptical 
Minimum optical aid: 10x50 binoculars 


Head back from M95 and M96 toward the line between 
Regulus and Chertan. Before you get there and slightly to the 
left you will see the elliptical galaxy M105. It is also pretty 


close to another galaxy - NGC 3384. It is part of the same group of galaxies as M96. 
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The Leo triplet: M66, 
M65 and NGC 3628 


1 M66 
Constellation: Leo 


Galaxy type: Spiral 
Minimum optical aid: 
10x50 binoculars 


Just half a degree below NGC 3628 sits 
M66, the second member of the Leo 
triplet. Despite being an intermediate 
spiral, it is still reasonably bright. In 
professional images of the galaxy, its 
most striking feature is its thick dust 
lanes and spiral arms. 





NGC 3628 (Sarah's galaxy) 
Constellation: Lé} 

Galaxy type: Spiral 

Minimum optical aid: 

Medium to large telescope 


Travel back to the line between Regulus 
and Chertan and move along it until 

you reach the latter. Take a left at a right 
angle you will encounter Sarah's galaxy, 
the first in a famous trio of galaxies. At a 
magnitude of around ten, you'll probably 
need a telescope rather than binoculars. 
William Herschel, the discoverer of 
1Ojecbaluccwpieucnlemiminm so7-% r 


1 M65 
Constellation: Leo 


Galaxy type: Spiral 
Minimum optical aid: Medium to 
large telescope 


This final member of the Leo triplet 
sits less than half a degree to the 
right of M66. Also an intermediate 
spiral, there is evidence that the three 
galaxies have been interacting with 
each other gravitationally. This may 
explain M65's slightly warped shape. 
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1 M86 
Constellation: Virgo 


Galaxy type: Elliptical 
Minimum optical aid: 10x50 binoculars/small telescope 


Find M88 again and hop to the star HIP 60960, before 


dropping down into the constellation Virgo by following a line 


headed straight for the ground. You want to lower your gaze 
by about two degrees. Here you'll find the elliptical galaxy M86. Unlike many of 
the galaxies in the sky, this one is actually getting closer to the Milky Way. 


1 M84 
Constellation: Virgo 
Galaxy type: Lenticular 
Minimum optical aid: 10x50 binoculars/small telescope 
Once you have found M86, finding M84 shouldn't be as 
difficult. It is the next galaxy along on the right and it shares 
an almost identical brightness with its neighbour. Hubble 


Space Telescope observations of M84 have shown two jets emerging from the 
galaxy's central region, implying the presence of a supermassive black hole. 


2 M87 
Constellation: Virgo 
’ Galaxy type: Elliptical 
. Minimum optical aid: 10x50 binoculars/small telescope 
Move from M84 and cut underneath M86 toward the eighth 
magnitude star HIP 61051. The giant elliptical galaxy M87 
should be in the same field of view. A rugby-ball shaped blob 


rather than a flat disc, it boasts a central black hole weighing in at nearly 7 billion 
solar masses. The mass of our galaxy's black hole is just 4 million solar masses. 


2 Ms9 
Constellation: Virgo 
Galaxy type: Elliptical 
Minimum optical aid: Medium to large telescope 
The density of galaxies in this patch of sky means that M89 
is just half a degree directly below M90, but unlike its spiral 
companion it is elliptical. Elliptical may be a bad description, 


however, as it seems, at least from our viewpoint, to be almost perfectly spherical. 
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er M58 
Constellation: Virgo 
Galaxy type: Spiral 
Minimum optical aid: Medium to 
large telescope 


Drop half a degree down from M89 
and move one degree to the left. 
This is the approximate position of 
spiral galaxy M58. At a distance of 
68 million light years, it is one of the 
furthest galaxies from us. 


| 2> M90 


Constellation: Virgo 
Galaxy type: Spiral 
Minimum optical aid: 
Medium to large telescope 


From M87, travel up to the 

m left at an angle of roughly 
45 degrees toward the star 

| HIP 61416. Less than a 

degree further along that 
line is the spiral galaxy 
M90. The galaxy is thought 
to boast a thousand globular 
clusters surrounding it, 
whereas the Milky Way only 
has around 150. 


2 M59 
Constellation: Virgo 
Galaxy type: Elliptical 
Minimum optical aid: Medium to large telescope 


We are edging closer toward the brighter stars in the 
constellation of Virgo. Draw a line between our last stop, M58 
and Virgo's star, Vindemiatrix. Move about a degree along this 
line to find M59. It has an almost identical brightness to M58 but is an elliptical 
galaxy rather than a spiral. 
M60 


2 Constellation: Virgo 
Galaxy type: Elliptical 
Minimum optical aid: Medium to large telescope 


M60 can be found less than half a degree away from M59 in 

the direction of Vindemiatrix. With a magnitude of around 9, 

it is brighter than the two other galaxies in this little group. 
However, you are still likely to need a telescope to see much, especially if your 
viewing conditions aren't perfect. 


© ESO; NASA; NOAO; NRAO; University of Arizona 
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Please note that this chart is 
intended for midnight mid-month 
and set for 45° latitude north or 
south respectively. 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


6) 


Q2 Face south and notice 
| that north on the chart is 
behind you. 
‘OB The constellations on 
the chart should now ‘ 
match what you see in 
the sky. 


Star, Cor Caroli 
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The Northern Lights in Iceland 


Send your astronomy photos and 7 
of you with your telescope to pk 
spaceanswers.com and well s 
them every issie™ == 7 


aay Schmitz 


Johannesburg, South Africa 
Telescope: Officina Stellare 
Hiper APO 10, Vixen. ED80SF & 
1») Orion 8” Astrograph 
“Ever since space camp and a 
ae model rocketry obsession as 
ais a child, I've been enamoured 
with the universe. In 2011 I purchased my first 
telescope, a 10-inch Dobsonian and one year 
later took my first deep space photo of the great 
globular cluster in Hercules (M13) using a DIY 
equatorial platform. Since then, I've imaged 
deep-sky objects, the lunar surface and planetary 
targets, wide-field landscapes and time-lapses.” 









— : = = & ¥ 
, } 7 
im, &  ( - “ i il re 
Fe de 


a | 8 







Tarantula nebula (30 Doradus) 
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Me & My Telescope 














Sarah Lewis 
Hathershaw, Oldham 

- Telescope: N/A 

) “On the morning of the 20 March solar eclipse, I ventured 

outside every ten minutes to track the Moon's progress across 

_ the Sun's disc. I managed to take some images using my 
Canon EOS 7D DSLR and a 300mm lens, which allowed me 
to view the event using the camera's Live View facility. My 

colleagues and I stood and watched the moment when 90 per cent of the Sun's 

surface was covered. It was a great experience as it went dark slightly." 
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Images from the 
Solar eclipse on 
MAORI EV cel 1 AO) bos 


: "Matthew Hodgson Awe | 
" Namibia, Africa 
Telescope: N/A™ 
“My first spark of interestin -. . 
astronomy manifested at-ageé °" 
three and by ageeightI was ‘ ». 
hooked. The obsession never 
Blcimerterritel nUhvacrel ble in(eyay 
‘ iowa a’similar path as I ‘graduated a a 
i Master's degree in astrophysics: bh te “"" 
“I have now been stargazing for over a 
quarter of a century and. while I am a very . 
passionate visual astronomer with a penchant. 
; for refractors, I have.recently found great 
mee enjoyment in capturing beautiful wide-field 
__ images where a local subject can be included.in 
. «the shot. This arguably allows for a more artistic 
-composition, rather than traditional deep-sky. 
object astrophotography” 
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Send your photos to... ©) @spaceanswers @ photos@spaceanswers.com 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 


David Scanlan 


Location: Romsey, Hampshire 
Twitter: @David_Scanlan 
Info: Astronomer for 29 years 


Current rig 





“I became interested in astronomy 
back in 1986. Around this year there 
was a lot of excitement and interest 
because Halley’s Comet had returned 
to our part of the Solar System and 
was becoming fantastic to observe. 

“I remember visiting the local 
astronomical society, The Hampshire 
Astronomical Group, who have a great 
collection of telescopes and are one 
of the best equipped amateur groups 
in the whole of the United Kingdom. 
I'm happy to say I've been a member 
of the group since joining them in 
1986 as a junior member. I will never 
forget the first time I looked through 
my first big telescope at the group's 
observatory, a fine 100-year-old 5” 
Cooke refractor, which I still use today. 

“Over the years I've witnessed 
many astronomical wonders through 
the eyepiece but the most tantalising 
and exciting has to be the impact of 
Comet Shoemaker-Levy 9 into Jupiter. 


David's top three tips 


telescope: Meade LX90 8" GPS and 8” Dobsonian 
Mount: Standard Meade Field Tripod 
Other: 10x50 binoculars, Canon EOS 450D DSLR 


“Photographing the 
constellations is a very 
rewarding venture as you 
can produce some very 
atmospheric images” 


EF ro W 
“Me with Sir Patrick Moore's 
12” telescope named,Oscar” 


Watching those big black impact 
marks emerging from the Jovian limb 
is an experience I will never forget. 
“Many amateurs eventually find 
their main interest, their niche. In 
the astronomical community and 
for many years my main interest has 
been the Moon. Everything else seems 
somewhat lesser to me. Who could 
not be awe-inspired wandering among 
the battered lunar surface that we see 
today? For seven years I was director 
of the Society for Popular Astronomy 
(SPA)'s Variable Star Section and 
variable stars are definitely an area 
that needs the work of dedicated 
amateurs. There are thousands of 
variable stars that need observing, 
SO many in fact that the professional 
community are wholly dependant on 
the dedication of amateurs to fulfil the 
work they cannot complete. I also very 
much enjoy observing and recording 
meteor showers.” @ 


1. Plan your 2.Investinagood 3. Join one of your 

observing quality dew shield _ local groups 

Make an observing There is nothing more There is a great wealth 

schedule. There's nothing irritating than taking of experience and 

worse than setting up, the time to set up your knowledge to be passed 

only to realise the object equipment then haveto onby people that share 

you wanted to see has pack away because dew your passion for the "As the Moon waxes and 

set or hasn't risen yet. has become an issue! night sky. wanes, a wealth of detail can 
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be seen on the lunar surface” 
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my Canon 1100D DSLR 
camera on a tripod” 


“The Clavius lunar crater 
region built using a six- 
pane mosaic and shot with 
ASTIZOMCSS Camera’ ccs 
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“A long-exposure image 
of the Orion Nebuila taken 
using my DSLR camera” 
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stargazing stories 


Andy Milner 





Location: Wisbech, King's Lynn 
Twitter: @andy_milner 


Current rig 





“I got into astronomy in February last 
year after hearing that someone at 
work had bought a telescope. They 
were so excited about what they would 
be able to see with their instrument, 
so it was then that I decided I should 
get into astronomy. 

“I have always been intrigued by 
the night sky and knew nothing 
about telescopes, so I decided to read 
online about how to get started. I 
found that there are a huge number of 
astronomy websites with a few having 
their own web forums so you can ask 
experienced astronomers which ‘scope 
is best for you. Facebook is also great, 
with its numerous astronomy and 
astrophotography groups that helped 
me out immensely. 

“I decided quickly that I needed a 
telescope I could use to enjoy deep 
Space astronomy as well as some 
planetary views. My budget was 
initially small, so I decided on a Sky- 
Watcher 200P and an EQ5 mount, 
with added dual axis motors to help 
compensate for the movement of 


Info: Astronomer for one year 


| Telescope: Sky-Watcher 200P 

Mount: Sky-Watcher AZ EQ6-GT 

. Other: Canon 1100D (astro modified), ASU2OMC-S, QHY5L-II, 
Mu dew controller, motor focuser 


the Earth's rotation. I joined my local 
astronomy society in King’s Lynn a 
month after buying my telescope and 
benefited from learning more about 
What is up above us in the night sky 
as well as the basics of astronomy. I 
love helping others by sharing what 
I have learned from my hobby so 
far. 1am now a committee member 
of the astronomy society and enjoy 
helping out. I have given two talks at 
the society and I've helped with their 
outreach events. 

“T image and view the night sky 
from my back garden. Living near 
the centre of my town means light 
pollution is quite annoying for camera 
imaging, so I use a light pollution filter 
attached to the camera to filter out the 
orange glow. This is probably the best 
accessory I have purchased. I am now 
learning how to get longer exposures 
by using a guiding system. I plan on 
learning more about where everything 
is in the night sky and taking more 
images this year. I'm so happy I started 
this hobby!” @ 


“Living near the centre of my 
town means light pollution 
ls quite annoying, sol use a 


filter attache 





Andy’s top three tips 


to the camera” 





1. Prepare, practice 2.Joinalocal group 3. Usea light 

and experiment Find your nearest pollution filter 

Use software like astronomy society as If you live near street 
Stellarium or smartphone you will learn more from _ lights, invest in a light 
apps to plan your target. _ talking to others. Make pollution filter that will 
Practice setting up, using use of online resources fit your camera and allow 
your telescope indoors like Facebook astronomy you to expose longer, 

and keep trying. groups and web forums. filtering out sky glow. 
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Telescope 
advice 


Cost: £399 ($499.95) 
From: David Hinds Ltd 
Type: Refractor 
Aperture: 3.54" 

Focal length: 36” 


Best for... 


Beginners 
Medium budgets 
Planetary viewing 
Lunar viewing 


Bright deep sky objects 


The Celestron Cosmos 
9OGT Wi-Fi: Neil DeGrasse 
Tyson would approve 
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Celestron Cosmos 
9O0GT W1-F1 


A refractor with a next generation twist, the Cosmos 90GT 
is a versatile telescope that's ideal for beginners 


Neil DeGrasse Tyson's Cosmos: A 
Spacetime Odyssey now has a night 
sky instrument to go with the TV 
series: a refractor from Celestron. 

On unboxing the telescope, we 

didn't take much time in putting the 
instrument together and the final set 
up boasted a well-built, high-quality 
telescope. On seeing the single-fork 
arm, alt-azimuth mount and the eight 
AA battery pack, we immediately 
drew comparisons with the Celestron 
NexStar 6SE, which we reviewed 
earlier this year. However, despite 

the Cosmos 9O0GT’s similarities, it 
doesn't come with a handset to assist 
the beginner with finding their way 
around the night sky. The main idea is 
that they will need to use an internet- 
enabled smartphone or tablet to locate 
and identify any targets of interest. 
Some may be a tad put off at this 
point but let us assure you, connecting 


the telescope's built-in SkyQLink Wi-Fi 
network to a smartphone or tablet 

and downloading the free Cosmos 
Celestron Navigator app (available on 
iOS and Android) is extremely straight 
forward. Getting down to actually 
operating the telescope and using our 
device was even more intuitive as we 
used the on-screen control buttons to 
slew the telescope. Using the app on 
an iPhone, we located yellow giant star 
Dubhe in the constellation Ursa Major 
and tapped it gently to select the GoTo 
option. The Cosmos 90GT responded 
quickly and moved to the target 

ready for us to observe - a highly 
impressive function of this refractor 
and something that those new to 
observing will be grateful for. The 
connection between our smartphone 
and the SkyQLink Wi-Fi network was 
very steady during our test of the 
instrument. We tried disconnecting 


“This telescope will provide 
exquisite detail of the lunar 
surface along the terminator’ 


Two good quality 1.25” 
Plossls (a 25mm and 10mm) 
provide magnifications of 
36x and 91x 





from the Wi-Fi manually to see if the 
telescope is capable of picking up 

from where it had left off. We weren't 
disappointed, as the Cosmos 90GT 
connected quickly and didn't need 
realignment, meaning that we could 
go back to viewing the last target we 
were observing. However, when the 
telescope’s power goes off, you will 
have to go through the realignment 
process again. This is nothing major, 
especially given the time it takes to set 
up the refractor ready for observations. 
The telescope didn't drain batteries 
quickly either and were still good to go 
even after our three-hour review. 

Of course, Celestron has ensured 
that this next-generation telescope is 
accessible for those who do not have 
a tablet or smartphone. The Cosmos 
9OGT can be operated by a NexStar 
handset (sold separately), which plugs 
it into the aux port on the single-arm 
mount. We should point out that 
the telescope is pretty much useless 
without any of these devices to control 
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it. In our opinion, owners of this 
telescope should take full advantage of 
its Wi-Fi capabilities. 

The Cosmos 90GT comes very well 
equipped, ensuring that the beginner 
has a good package to get them started 
in a very rewarding hobby. Two good 
quality 1.25” Plossls (a 25mm and 
10mm) providing magnifications of 
36x and 91x respectively, were thrown 
in and worked with the telescope’s 
optical system to provide very good 
views of a selection of deep sky and 
planetary objects, as well as the craters 
and lunar mare of a full Moon. Fully 
coated optics ensured very good light 
transmission for clear, sharp views and 
the light gathering power is 165-times 
greater than the human eye. 

In early April we took advantage 
of Venus and Jupiter, visible in south 
and western skies. Venus dazzled as a 
bright light, devoid of colour-fringing, 
while pleasing views of Jupiter and 
four of its largest moons (Ganymede, 
Io, Europa and Callisto) were had. 
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STARGAZER 
Telescope advice 


With the supplied eyepieces, the 
Cosmos 90GTs provided sharp sights 
across a reasonable proportion (around 
80 per cent) of the field of view 


” 














A StarPointer red- 
dot finder, which 
features a switch 
to vary brightness, 
is useful for the 
alignment process 



























Views of the 
Moon through this refractor are 
stunning and we have no doubt that 
this telescope will deliver in providing 
exquisite detail of the lunar surface 
along the terminator during the 
Moon's phases. 

We quickly identified the Beehive 
Cluster (M44) in the constellation 
of Cancer as a smudge in the night 
sky, close to Jupiter and the brightest 
star in Leo, Regulus (also known as 
Alpha Leonis). The Cosmos 90GT 
quickly transformed the cluster into 
a stunning swarm of thousands of 
high-resolution blue and white stars. 
We were easily able to resolve Regulus 
into a double star. Regulus A shone 
with a brilliant blue-white and its 
companion star, Regulus B, was found 
next to it. 

The Celestron Cosmos 9OGT is a 
good, affordable instrument for novice 
astronomers wishing to observe a 
variety of night sky targets with 
minimum fuss. @ 


The single arm mount houses 
the integrated Wi-Fi network 
and features an aux port for 
those who don't have either a 
smartphone or tablet 
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CCD cameras 


Some essential pieces of kit for imaging space, we put two CCD cameras head to head 


Atik One 9.0 


Cost: £2,539 / $3,180 
From: Atik Cameras 


The Atik One 9.0 is perhaps the 
most elegant CCD camera we 
have had the pleasure to review. It 
incorporates a turning filter wheel 
that can be loaded with red, green 
and blue filters (among others) into 
its sturdy and attractive high-finish 
casing with very little fuss. We 
also found installing the camera's 
software and controlling the CCD 
with ASCOM to be extremely 
effective with no problems at all. 
Before we put the Atik One 9.0 to 
the test, we set the CCD sensors to 
a temperature of about 20 degrees 
Celsius (68 degrees Fahrenheit), 





Verdict 


Winner: Atik One 9.0 
While it is more expensive, the Atik 


One 9.0 gets our vote since it takes a 


lot of stress out of getting excellent 


images of a wide selection of targets. 
Astrophotographers often find themselves 
confronted with spacing problems when 
using external accessories, which often 
results in targets being out of focus. This 
excellent CCD ensures that this isn't a 
problem with its integrated filter wheel. 


Atik 414EX Mono 
Cost: Cost: £1,119 / $1,489 
From: Atik Cameras 


Superbly built, the Atik 414EX Mono 
is indeed an excellent piece of kit for 
the entry-level astrophotographer. 
Many might be put off by the price 
but we think that this imager is 
great value for money due to its 
high-sensitivity, larger pixel size 
(1392x1040 pixels) and a Sony ICX825 
sensor. The 414EX comes with very 
intuitive software, an ASCOM driver, 
manuals and a USB cable. 

When we set the sensors to a low 
ambient temperature, we soon reaped 





to ensure that there 

was no thermal noise. We were 
amazed at how quickly the camera 
responded as it took it just two 
minutes to get to the desired 
temperature we had set. 

The sky wasn't particularly clear 
during our review but this CCD 
performed exceptionally well with 
deep sky objects thanks to high 
sensitivity during imaging. We did 
detect several hot pixels in our 
frames and the filters were a tad 
fiddly, but once in, they fit very well. 
The Atik one 9.0 captured amazing 
detail with low noise images. 





the rewards from the excellent build 
quality of the 414EX. Deep sky images 
were impressive and showed plenty of 
detail. Being a monochrome camera, 
we supplied our own filters but we 
were immediately confronted with 
the task of having to swap filters, 
something that many might find 
awkward and time consuming. We 
didn't detect any hot pixels in the 
dark frames and were very impressed 
with the CCD’s overall performance 
during a long viewing session. 
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From: Taschen Books 
Readers of All About Space issue 
37 will know that the Hubble Space 
Telescope reached its 25th year 
in space this April. Joining in the 
celebrations is publisher Taschen, who 
has released a coffee-table book of the 
telescope’s best images on sumptuous 
high-quality paper. 

Hubble's images make a beautifully 
illustrated book and Expanding 


Universe is just that. Nebulae, galaxies, 


planets and the like dominate from 
one page to the next and with there 
being very little text (in English, 
German and French), you can work 
your way through this hefty tome at 
your leisure. 

With a foreword from 12th NASA 
administrator Charles F Bolden, 
Expanding Universe brings the 
space telescope’s achievements into 
astounding perspective. @ 
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ISS Spotter 


Cost: Free 

From: iTunes 

If you're fascinated by the night sky, 
then you'e likely to have rushed 
outside to watch the International 
Space Station (ISS) race through a 
backdrop of stars. You might have also 
found yourself annoyed at missing a 
flyby and have had to wait for another 
Opportunity to watch the space station 
and its crew glide over again. But with 
this app you'll never miss another 

ISS flyby again, since it tracks the 
spacecraft and comprehensively lets 
you know when you're due another 
flyby by setting off an alarm. 

On getting down to using the app, it 
did the job, but annoyingly zoomed in 
on the ISS when it started up, making 
it quite difficult to work out the space 
station's location. 

While ISS Spotter is free, we have 
used other astronomy apps also 
capable of tracking the ISS, which 
additionally do a lot more in terms of 
teaching beginners about the night 
Seva lalemelun mele Rsemele) (etm 


Visio NEOMA 

10x50 binoculars 
Cost: £119.99 (approx. $175) 

From: Optical Hardware Ltd 

Both the image quality and build of 
the NEOMA 10x5Os are exceptional. 
Its BAK4 prisms provided clear and 
sharp views of the Moon's surface as 
well as Jupiter and its moons, which 
appeared as an obvious white disc 
with small points of light snuggled 
close by. The 10x5Os in particular 
are light and easy to hold, ensuring 
comfortable observing for long 
periods of time. Their robust build 
and waterproofing is a massive plus, 
making these binoculars ideal for 
nature watching throughout the day. 
Twist eyecups also provide long-term 
eye comfort. 

The NEOMAs are very well 
collimated and the lenses are 
beautifully coated, but we did detect 
a slight amount of colour-fringing 
when observing brighter targets. 
Despite this, these reasonably-priced 
binoculars are one of the best pairs of 
10x5Os we have used. @ 





Face in Space 
Cost: From £999 (approx. $1,460) 
From: www.faceinspace.co.uk 
PAN id elo)brod nMelcav(<) (o)e)ietomyolui meni an} 
spacecraft or getting yourself put on 
the next flight to the International 
Space Station is still exclusively within 
the pockets of multimillionaires, these 
days you don’t have to have more 
money than you can spend to feel like 
you've escaped Earth. 

Face in Space is the brainchild of 
aerospace industry veterans Chris 
and Dave, who have developed 
a more affordable way of getting 
a sentimental object or personal 
message into space, or at least near 
space. Whether you want to propose 
to your partner or send a fluffy toy 
into the stratosphere, Face in Space 
will strap a weather balloon to a 
payload that includes a photographic 
or video-capturing camera to snap 
your object as it ascends to the dizzy 
heights of around 34,000 metres 
(110,000 feet) altitude. Face in Space 
can even put a customised, interactive 
launch together for you. @ 
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WIN A TELESCOPE 
BUNDLE WORTH 
OVER £1000! 


We've got everything you need to get started 
in astronomy with our latest competition 


Buzz Aldrin's Space — 
Program Manager 

From: slitherine.com 

- Cost: From £20.99 / $29.99 
Straddling between an accessible 
management sim and informational 
_-_—- game, Buzz Aldrin’s Space Program 

_ Manager is a simple simulation that sees 
e of a 1950s space agency, 


_— 2 














Cost: £99.99 | 
View a selection of nig 
these Flat Field 1.25" 
12mm, 19mm and 27mm). ] 
standard and providing 
ange from Ostara is sui 

' variety Of telescopes and w ‘OV 
with more pleasing images el 
targets and deep-sky objects t 

™ | standard Plossl eyepieces. 




































To be.in with the chance of 
winning, all you have to do 
is answer this question: 


NASA's Chandra X-ray ” Vioaal filter sot" 


From: Optical Hardware Ltd 


Observatory is named Cost: £59.99 (approx. $93) 


Enhance your-views of the Solar System 


after who? with this-seven-piece filter set, includes 


Moon, polarising, yellow, orange, red, green 








a and blue filters for an observing experience 
A: Lalitha Chandrasekhar like no other. If you want to see one of 
Mars's dust storms, Jupiter's Great Red Spot 
B: Chandrasekhara Venkata Raman " or the craters of the Moon, Ostara’s visual 
C: Subrahmanyan Chandrasekhar filters can be used with most telescopes. 
e 


Enter o)alhials at: spaceanswers.com/ competitions Aatssie Me website for full terms and conditions 


1400 t 

From: Optical Hardware Ltd 

Oo} tae PAS ho Re ho 6-10) 8) 60). foe) 

With its six-inch aperture, the Visionary 
Mira Ceti is the perfect companion 

to observe a wide range of night-sky 
targets, from planets to deep-sky objects. 
Complete with 25mm and 6.5mm 
eyepieces, as well as a Barlow lens and 
Moon filter, this compact and light 
Newtonian offers good portability. 


~ Visionary Mira Ceti 150 
elescope 





@ The Practical Astronomer 
From: Dorling Kindersley 
Cost: £14.99 / $19.95 
Written by astronomers Anton Vamplew 
and Will Gater, The Practical Astronomer 
helps you pick up all the basics of 
skywatching. Starting off your tour of 
the night sky simply, this book shows 
you how to recognise constellations 
~ and identify deep-sky and Solar System 
_ targets. The Practical Astronomer also 
provides advice on buying and using kit, 
| from binoculars to telescopes. 
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© Visionary HD 

10x50 binoculars 

From: Optical Hardware Ltd 

Cost: £109.99 (approx. $170) 

A Kobimmdatcmevtcdnimjqvabemsltcdemelcvapeiiaceyny 
with these Visionary HD binoculars, 
ensuring bright images and excellent 
light gathering to pick out star clusters 
to the brightest planets. The 10x 
magnification allows these binoculars to 
doublé up as an aid for nature watching, — 
ensuring high clarity, high power and a 
natural well-balanced image thanks to 
multicoated lenses and BAK4 prisms. * 
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~ Visionary Wetland 
ma 8x42 binoculars 
Turn Left At Orion From: Optical Hardware Ltd 
From: Cambridge University Press » Field Optics Cost: £99.99 (approx. $154) 
Cost: £24.99 / $34.99 Research Eyeshie eld If you're an avid observer of the Moon, 


A must-have for any observer, Turn Left 


At Orion is a guidebook to the night sky, 


jo) Koyva(elbnteam- Vl mdatom lnvce)snnt-lale)emasrelcel 

to observe a host of celestial objects. 
Featuring a spiral bind, this edition 

is easy to use outdoors while using a 
telescope and is ideal for beginners - 
whatever observing equipment you 
have, whichever hemisphere you are in. 


From: Optical Hardware Ltd 

Cost: £19.99 (approx. $31) 

An excellent product for anyone using 
binoculars or a telescope, the Eyeshield - made 
using a flexible moulded rubber material - fits 
comfortably around the eyes to block out 

any distracting light and wind, providing the 
skywatcher with total darkness and complete 


comfort for an outstanding observing experience. 


or general nature viewer, then these 
high-quality waterproof binoculars from 
Visionary are your ideal companion. 
Featuring twist eyecups along with 
coated lenses for great clarity and colour, 
the Visionary Wetland 8x42 binoculars 
can withstand the tough outdoors 

while also remaining light and easy for 
(elo) nat co)ar-l)(cme)e aya latee 





Lucid was the only American 
woman to serve on board the 
Russian space station Mir 


Shannon Lucid 


The staunch space heroine who blazed 
a trail for female astronauts 


Although she is now regarded as a 
great American hero, Shannon Lucid 
was actually born in China in 1943. 
Aged just six weeks, Lucid and her 
parents were taken to an internment 
camp and held as prisoners of war 
for a year by the Japanese. When 
they were finally released the family 
returned to the US and Oklahoma 
became Lucid's home. 

After such an eventful childhood 
it's no wonder that the young Lucid's 
dream was to discover as much as 
the world as possible. However, when 
she realised that most of the world 
had already been explored she turned 
her attention to the skies. Inspired 
by the work of rocket pioneer Robert 
Goddard, the young woman became 
determined to explore the universe. 

Once she had finished high school 
Lucid earned her pilots license and 
achieved a degree in chemistry, 
followed by a masters and doctoral 
degree in biochemistry from the 
University of Oklahoma. She achieved 
all this while also caring for her young 
children. Lucid was determined to 
achieve her dream, so when NASA 
opened its recruitment to include 
women, she immediately submitted 
an application and in 1978 she was 
accepted. She was the only mother out 
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of the six women selected. 

Understandably, there was a great 
deal of competition between the 
women to become the first American 
woman in space. Although she did 
not achieve this honour, Lucid was 
completely indifferent to office politics 
and was dedicated to her own work. 
This passion and commitment set her 
apart from her fellow classmates. In 
1985 she took her maiden voyage into 
Space on the shuttle Discovery. She 
travelled into space on a further three 
missions but Lucid is best known for 
her fifth visit. 

In 1996, Lucid and two Russian 
cosmonauts, Yuri Onufriyenko 
and Yuri Usachev, blasted off to 
the Russian Mir space station. The 
Russian press couldn't resist mocking 
Lucid, saying “women love to clean" 
so the shuttle should look tidier. She 
responded by saying that all three 
members worked as a team. Again, 
when her fellow astronauts were 
accused of insulting her by placing 
tape on the controls they didn't want 
her to touch she responded that, were 
she the captain, she would have done 
the same thing. 

While on board Mir she performed 
physical and life-science experiments 
and it was set to be a routine mission. 


However, her trip home was delayed 
twice: once due to a mechanical glitch 
and again because of a hurricane. 
These various delays ended up 
extending her stay in space by six 
weeks. Luckily, despite the media 
pressure, Lucid got on fantastically 
with her crew mates and she kept 
herself occupied with experiments, 
reading and sending emails home. In 
September she finally returned home 
after 188 days in space. Although it 
was completely unplanned it was the 
longest any US astronaut had spent in 
space. Her total of 223 days spent in 
space broke any record set by a female, 
American or otherwise. 

Lucid became a source of 
fascination for the NASA scientists, 
especially after walking to her 
vehicle immediately after landing. By 
December she had been awarded the 
Medal of Honor and in February 1997 
she received a Free Spirit Award from 
the Freedom Forum. 

Lucid continued to work for NASA. 
From 2002 to 2003 she served as a 
chief scientist, responsible for ensuring 
that all of NASA's missions kept to 
strict standards of scientific quality. 
In 2003 she returned to NASA's 
Johnson Space centre in Houston to 
conduct technical assignments in the 
Astronaut Office. She then served as a 
capsule communicator in the Mission 
Control Center, providing a comforting 
and friendly voice for those in space. 
On 31 January 2012 she announced 
her retirement from NASA, but her 
pioneering work and inspiring can-do 
attitude still motivates to this day. @ 
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(49.99 ; ia Very high I optics ata great pric x 
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———————— a | HD 8x42. €69.99 Visionary 
= ae | HD &x56.....€99.99 FPP Te A) 


ayesaree, Fc comfortably around the eyes block he, | HD 7x50 ...£79.99 
all distracting light and wind, S exon vont Phe and sociaill 5 “A | HD 10x50....€79.99 


er We complete comfort. It’s a“WOW'" experience. % ry HD |2x60....£89.99 
Ostara Crystal moon filter 1.25°£9.99 Eyeshield Single for scopes and astro eyepieces £14.99 - % HD |5x70....€99.99 
Ostara yee moon filter 2” £19.99 Eyeshield pair — for compact binoculars £19.99 HD 20x80.€149.99 
Ostara O-1 |! filter |.25".....€49.99 Eyeshield pair _for larger binoculars £19.99 HD 20x80T £249.99 


We stock T2 mounts Many more filters and accessories in stock, great prices! U e E RA N e = 


of eyepieces and accessories 













































‘S a group of independent specialist 
optical goods supplers. For more 
mormaton ease vreit 


Bin: aves Clearview Binoculars: Four are Chapel, Mapplewell. $75 6GG. Tel 01226 383736 www far-sighted co.uk 


bE TC. co.uk www.clearviewbinoculars.co.u Callers very welcome, please check website for opening times 


-lear view Binocular Outlet: 01162 430 967, Check our website and visit us at shows and events throughout the UK The Far-Sighted binocular company 
lee | 
Tries mM ellslelHiliclaeltii(:j@eem tl. 


Offers are subyect to availability and 


J M Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co. uk at parbcipating outlets only. Prices 
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mVins by The Army Surplus Store: 01297 23867, High Street, Totnes, Devon, TQ9 SNN 


SURPLUS STORE www.thearmysurpiusstore.co.| 
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MOST LOVED 
TELESCOPE 


NexStar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 


iPAD and iPHONE SHOWN NOT INCLUDED 


" Skyat Night 
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SEPTEMBER 








Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


